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(54) STEEL PIPE JOINT HAVING HIGH GALLING RESISTANCE AND SURFACE TREATMENT 
METHOD THEREOF 

(57) A screw joint of an oil-well pipe having a high 
seizure resistance. The threaded portion and metal seal 
portion of the pipe has a manganese phosphate chemi- 
cal conversion treatment coating layer of 5 to 30 urn 
thickness or a double-layer of a nitrogen treatment coat- 
ing layer of 1 to 20 fim thickness and a manganese 
phosphate chemical conversion treatment coating layer 
of 5 to 30 |im thickness. The portions have also a solid 
lubricant coating layer of 10 to 45 urn thickness formed 
by coating the portions with a solid lubricant having a 
specific composition and containing molybdenum 
disulfide powder or tungsten disulfide powder and at 
least one component selected from an epoxy resin, a 
furan resin and a polyamide-imide resin as the essential 
components and by subjecting them to a heat treat- 
ment. Due to such surface treatments, a steel pipe joint 
at which galling does not occur for a long time even 
when the number of repeated uses of the steel pipe is 
large can be obtained. 
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Description 
TECHNICAL FIELD 



The present invention relates to a threaded joint, the galling resistance of which is high even when it is used under 

"° « iC T- ^ PartiCUlarly ' thS PreSert inV6nti0n re,ates to a *SS uSS joining w2 

steel p.pes when crude oil rs m.ned. and also used for joining steel pipes in a pipeline to transport crude oil after nls 
been mined, and the galling resistance of the threaded joint is high even when it is used underW wndiMon * f no IS 

uni^r^ ^ C r° n ^ n ° ' UbriCant iS COated ° n < he beaded joint which ?s 2 
unfastened. The present invention also relates to a method of surface treatment of the threadedjoint of steel pipes 

BACKGROUND ART 

In general, threaded joints are used for the tubing and casing when an oil well is drilled When these threaded joints 
are used ,n an actual environment, they are given a compound force including an interna, and ^JSLTpTesSre an 
Tll Ce "5 1 bend,n9 forCa Ac ^gly. these threaded joints are required not to leak or be daniageS eve when 
he ^compound force ,s given to them. On the other hand, when the tubing and casing are set in an otl wel^dS 
oints to jo,n the o,l well pipes are unfastened after they have been once fastened In general according To API w 
.can Petroleum .nstitute). it is desired that no galling occurs in the threaded joint? eve w?Ten i^^lsZTZ 
unfastened to times and the casing is fastened and unfastened 3 times. In order to meet me ^ aboveXfemenS « is 
coa^onT 65 ? TJ" i0intS ^ faStened aft6r COmpound 9rease s «P u,a ** ' bSaTST been 

tion i'n 22S ml!?!^ 6nhar ! Ce the SealinQ Pr ° Perty ° f threaded ioints ' s P ecial * readed joints having a contact por- 
»n»nl p ™talcomes into contact with metal, that is. premium joints have been actively developed As disclosed 

S^nJ^T P . Ub " C ! ti0n NOS - 59 - 44552 and 5 " 41876 - Dremium i° ints havi "9 sealing .sections of venous 

shapes have been invented. Accordmg to the above Mentions, gas-sealing properties of thLbove joints are enZS 

l^T'il "J? e yi ! ld sfrength of the steel pipe However - in order t0 ,urther enhan <* *• -Si wt? 

h 9 ?. 6 y ' e,d Stren9th ° f the mo,h * metal must be 9 iven to the ™*>l intact portion^ Se 
hreaded joint. Accordingly, galling incapable of being repaired tends to occur in the threadedjoint Therefore the inven 
tors actively investigated the prevention of galling. J nererore. me inven- 

There are provided various measures to prevent the occurrence of galling, which will be described as follows Com- 
pound arease I Tcil l"™**?? ^ p0 "" ter " 3 ^ metal SUCh as zinc ' lead - 

pound grease s made to appropriately contain powder of an inorganic compound such as mica; a shape of the sealina 
section is devised so that the local surface pressure on the threaded joint can be reduced as disclSit Japanese 
Unexamined Patent Publication Nos. 62-209291 and 4-277392; a characteristic of the sealing suXcJ ^ntSfedls 

Se^ MOde ' PUb,iCati0n ^ 6 " 713: and ^ resistance ^enhSctd b^du^ing 

surface treatment on the threaded joint as disclosed in Japanese Examined Patent Publication No 3-7851 7 and Jaoa- 

"S87Te m aS m S nt ^"Z™ 5 ' 11787 °- 62 " 258283 - & °- 26695 ' 58 ' 31097 ' 58-17285 61 ^^- 
136087. The aforementioned techniques are respectively effective to prevent the occurrence of galling Especially when 
an appropriate surface treatment is conducted on the threaded joint and an appropriate compound g«S^sus2 to 

A^linf tf T 9a "? reSiStanCe 03,1 be enhanC6d t0 3 Sufficient, y »5 ^ 1 *> ^ pTnto p?SS. use 
well wt?To Se Pat6nt PUb,iCati0n Na 3 ' 78517 ' threaded * inte used tor steel P*** «> dril° an oi. 
™ "J? n ° !? ^ G0 ? n ° ° f reS ' n ,n Wh ' Ch P ° wder * mo| yWenum disulfide is dispersed and mixed However 
ESSE! J T S ° ° S6d in thS abOVS Pat6nt P uWication > th * ^in coating lajr is formed in 
the surface roughness of a portion in which metal comes into contact with metal. In the above technique oc^ertto 

n thITnS, ,L?f i 9 "XT"* 9reaSe ' th3t iS ' the ter96t * the techni " ue is to enclose con^uS g ease 
m the small spaces formed by irregularities on the surface of the threaded joint. Accordingly, when the SSrtb 

h r I* COnditi ° n ° f "° ,UbriCam ' metal iS selectivel * oontacted with metal. Therefore " te?mpoSSe to2a 
%ZEZZ 9 h I 19 reS : StanC6 ' Further> in the above t^" 6 ' consideration is not given to a surfac^S rata, tor 

Se to Si?. 1 ^ rf 6 ^ 0 " iS 9iV6n ° n,y to *• surface ™9 h " ess - Therefore ^s^- 
sible to prov.de a stable galling resistance by the above technique over a long period of time 

Further. Japanese Unexamined Patent Publication No. 6-10154 discloses a technique in which a relation between 
ItZTrT^ 6 : ou 9 hnessbefore surface treatment and the thickness of surface coating h^^S^ 
an object of the above technique is to enhance the sealing property by reducing a clearance formed between metaltnd 
metal in ttie metal contact portion. In the above patent publication, the effect of compound grease h SZ n£i 
T ,P, ;° n f Tl ^ 1,16 9a,Kn9 resistance under the oondition of no lubLnt. i SratSi^X 
d6SCribed " ^ eXamPl8 ' " " imP ° SSib,e 10 ^ 8 9a,,i " 9 resistenca -der me coXn 
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In the above circumstances, investigation has been recently made into grease to be coated on threaded joints. 
According to Japanese Unexamined Patent Publication Nos. 63-210487 and 6-1 1078, it is disclosed that the perform- 
ance of grease is deteriorated when high pressure is given to grease coated on a threaded joint in the process of mak- 
ing up the threaded joint, that is, in the process of fastening the threaded joint. Further, environmental problems are 

5 discussed which are caused by heavy metal contained in compound grease. Therefore, it is attempted to develop com- 
pound grease containing no heavy metal and put it on the market. According to API RP5C5 which was enacted in 1991 , 
it is stipulated to evaluate effects provided by a quantity of grease and a pressure given to grease. To make the matter 
worse, when compound grease is coated at the site, the working environment is deteriorated, and at the same time the 
working efficiency is lowered. In view of the above circumstances, it is required to provide an epoch-making threaded 

10 joint by which galling resistance can be ensured without using any compound grease. In spite of the above circum- 
stances, it is inevitable to use compound grease when a threaded joint is joined. The reason is that the galling resist- 
ance is greatly deteriorated when the threaded joint is joined under the condition of no lubricant. 

According to USP4692988, it is described to use molybdenum disulfide as a solid lubricant to be coated on a 
threaded joint and then the threaded joint is bound by PTFE, and also a method of coating PTFE by carrier is described. 

is It is recognized that the above technique can provide effects when it is used in a threaded joint together with liquid lubri- 
cant. When the above technique is used under the condition of no lubricant, which is the final object of the present 
invention, it impossible for the above technique to provide a sufficient effect. The reason is described below. Especially 
when a threaded joint is sealed, sliding motions are repeatedly conducted in the threaded joint while a surface pressure 
higher than the yield strength of the pipe body is given onto the threaded joint. Therefore, galling occurs in the thread 

20 portion of the joint. 

In order to solve the above problems, the present inventors made investigation into the surface preparation and 
finally found a means for providing the galling resistance under the condition of no lubricant. The means is described 
as follows. After the sealing portion and the thread portion of a threaded joint have been subjected to an appropriate 
treatment of phosphate coating, a solid lubricant coating is provided on the phosphate coating. 

25 USP4414247 discloses an example in which solid lubricant is applied to a threaded joint in the same manner as 
described above. According to the above invention, after a threaded joint has been subjected to the surface preparation 
of blasting, molybdenum disulfide is coated and baked on the joint together with resin. However, when the surface prep- 
aration of blasting is conducted on the joint, it is impossible to provide a sufficiently high galling resistance under the 
condition of no lubricant. On the other hand, when the joint is subjected to the treatment of phosphate coating, no gall- 

30 ing occurs even under the condition of no lubricant as described in the example, and it is possible to make up and break 
out the joint more than 1 0 times. 

The reason why the galling resistance can be enhanced by the phosphate coating layer is described as follows. 
Irregularities and voids formed on the phosphate coating layer enhance the anchor effect of resin. Therefore, even after 
sliding has been repeatedly conducted, a thin lubricant coating remains on an upper surface of the phosphate coating 

35 layer. 

CONSTRUCTION OF THE INVENTION 

In order to solve the above problems, the present inventors have made investigations in earnest. An object of the 
40 present invention is to provide a joint of steel pipe having a high galling resistance and also to provide a surface treat- 
ment method thereof. According to the present invention, it is possible to provide a joint of steel pipe having a high gall- 
ing resistance without using liquid lubricant such as compound grease which is conventionally coated on the joint before 
the process of making up. Therefore, no galling occurs even after the joint has been repeatedly fastened and unfas- 
tened, and the sealing performance can be maintained high. The summary of the present invention is described as fol- 

45 lOWS. 

(1) The present invention is to provide a threaded joint having high galling resistance comprising: a pin composed 
of an external thread and a metal contact portion having no thread; and a box composed of an internal thread and 
a metal contact portion having no thread, wherein a phosphate chemical formation coating layer, or a nitriding layer 

so and a phosphate chemical formation coating layer are provided on a contact surface of the box or the pin, a resin 
coating layer in which powder of molybdenum disulfide or tungsten disulfide is dispersed and mixed is formed on 
the phosphate chemical formation coating layer, and the thickness of the resin layer is larger than the thickness of 
the phosphate chemical formation coating layer. 

(2) The present invention is to provide a threaded joint having high galling resistance according to item (1), wherein 
55 the thickness of the resin coating is larger than the surface roughness of the phosphate chemical formation coating 

layer. 

(3) The present invention is to provide a threaded joint having high galling resistance according to item (1) or (2), 
wherein the surface roughness of sliding surfaces opposed to each other is smaller than the thickness of the resin 
coating layer. 
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0.2 ^ {quantity of powder of (molybdenum disuKide or tungsten disulfide)} / {quantity of (resin)} s 9.0, 
and the thickness of the resin coating layer is 10 to 45 pm 

0.2 ^ {quantity of (powder of molybdenum disulfide or tungsten disulfide)} / {quantity of (one of epoxy resin 
20 furan resin and polyamideimide resin)} <: 9.0 (weight ratio); 

ZnT^ 

disuse or tungsten disuse, wherein the con^^Z^S^ * * 

30 0 2 s {Quantity of (powder of molybdenum disulfide or 

tungsten disulfide) and quantity of (powder of one of Cu 
and Zn or powder of both Cu and Zn)} / {quantity of (one 
of epoxy resin, furan resin and polyamideimide resin)} ^ 9.0 (weight ratio). 

it is measured by Fisher's Measurino SL f k 9 ' S m 3 ran9e from 0 45 to 10 I™ ^en 

thickness of which is 0 5 to 1 l^um or anTnn^i^ ,T 9 8 SUrfa ° e treatment ,ayer <* an iron P |a «"9 the 
weight % of whic£ s not more fhan "SSS D Sin 0 Tmr ain,n9 T ° f M and 00 ° r ^ Ni and Cr " 1(16 
layer, the thickness of which °i S t* c umTrJi cStinn » t3K r^T" 88 P hos P hate ch *™al formation coating 
or tungsten disulfide and also^ GoSS^Si^T" * "* nCant COntemin9 of molybdenum disulfide 

of which satisfiest fS,^^^ 

55 0 2 s ^ uantit y of (powder of molybdenum disulfide or 

tungsten disulfide)} / {quantity of (one of epoxy resin, 
furan resin and polyamideimide resin)} <; 9.0 (weight ratio); 

and conducting heat treatment to form a solid lubricant coating layer of 10 to 45 M m thickness. 



40 
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(11) The present invention is to provide a method of conducting surface treatment on a joint of steel pipe according 
to item (10), further comprising the step of coating a solid lubricant containing powder of one of Cu and Zn or pow- 
der of both Cu and Zn, the quantity of which is 10 to 50 weight % with respect to a quantity of powder of molybde- 
num disulfide or tungsten disulfide. 

5 (12) The present invention is to provide a method of conducting surface treatment on a joint of steel pipe according 

to item (10), wherein a particle diameter of powder of molybdenum disulfide or tungsten disulfide, which is an 
essential component of solid lubricant to compose a solid lubricant coating layer, is in a range from 0.45 to 10 urn 
when it is measured by Fisher's Measuring Method, and the solid lubricant is composed of one of epoxy resin of 
which the molecular weight is in a range from 2000 to 1 0000, furan resin of which the molecular weight is in a range 

10 from 150 to 250, and polyamideimide resin of which the molecular weight is in a range from 10000 to 25000. 

(13) The present invention is to provide a method of conducting surface treatment on a joint of steel pipe according 
to item (11), wherein a particle diameter of powder of molybdenum disulfide or tungsten disulfide, which is an 
essential component of solid lubricant to compose a solid lubricant coating layer, is in a range from 0.45 to 10 urn 
when it is measured by Fisher's Measuring Method, a particle diameter of powder of one of Cu and Zn or a particle 

75 diameter of powder of both Cu and Zn is in a range from 0.5 to 10 fim, and the solid lubricant is composed of one 
of epoxy resin of which the molecular weight is in a range from 2000 to 10000, furan resin of which the molecular 
weight is in a range from 150 to 250, and polyamideimide resin of which the molecular weight is in a range from 
10000 to 25000. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration of the components of a joint to which the present invention is applied. 
Fig. 2 is a view showing an assembling structure of the components of a joint. 

Fig. 3 is a graph showing a relation between the types of various surface treatment and the frequency of occurrence 
25 of galling. 

Fig. 4 is a schematic illustration showing an outline of the test conducted in the present invention. 

Fig. 5 is a graph showing a relation between the type of surface coating formed by dispersion plating and the sliding 
distance at which galling has occurred. 

Fig. 6 is a graph showing a relation between the type of coating on which powder of molybdenum disulfide is dis- 
30 persed and mixed in various resins and the sliding distance at which galling has occurred. 

Fig. 7 is a graph showing a relation between the type of coating on which powder of molybdenum disulfide is dis- 
persed and mixed in resin subjected to various substrate processing and the sliding distance at which galling has 
occurred. 

Fig. 8 is a graph showing a relation between the thickness of coating formed by phosphate chemical formation 
35 processing and the sliding distance at which galling has occurred. 

Fig. 9 is a schematic illustration showing a relation between the thickness of resin coating of the present invention 
and the thickness of a phosphate chemical formation coating layer. 

Fig. 10 is a schematic illustration showing a relation among the thickness of resin coating of the present invention, 
the thickness of a phosphate chemical formation coating layer, and the surface roughness of an opposing sliding sur- 
40 face. 

Fig. 1 1 is a schematic illustration showing a relation between the thickness of resin coating of the present invention 
and the surface roughness of a phosphate chemical formation coating layer. 

Fig. 12 is a graph showing a relation between the types of various surface treatment and the frequency of occur- 
rence of galling in the case where sand blasting is conducted on an opposing sliding member. 
45 Fig. 13 is a schematic illustration showing a relation among the thickness of resin coating of the present invention, 
the surface roughness of a phosphate chemical formation coating layer, and the surface roughness of an opposing slid- 
ing surface. 

Fig. 14 is a graph showing a relation among the thickness of resin coating of the present invention, the surface 
roughness, and the galling resistance. 
so Fig. 15 is a graph showing a relation among the surface roughness, the frequency of making up and breaking out 
of a joint, and the reduction of thickness of resin coating. 

BEST MODE FOR CARRYING OUT THE INVENTION 

55 Fig. 1 is a schematic illustration of the components of a joint to which the present invention is applied. As illustrated 
in Fig. 1 , the joint includes a box 1 and a pin 2 which is a joint portion arranged at an end of a steel pipe. In each joint 
member, there are provided a screw portion 3 and a metal-metal contact portion 4. With respect to the screw portion 3 
and the metal-metal contact portion 4 composing the joint, only on the box 1 or on the contact boundary surface of both 
the box 1 and the pin 2, there are provided a manganese phosphate chemical formation coating layer and a resin coat- 



5 



BNSDOCID: <EP 078661 6A1 J_> 



EP 0 786 616 A1 



10 



15 



20 



25 



30 



35 



40 



slides on the surface of mother metal. ' * ' S SCrSW6d ' the ^mentioned surface treatment layer 

a ^^ *• —ted in Fig . , the box 1 

portions slide on each other while high surface pSSl c ZZ2> T ^ the reSpective m ^'""etal contact 
aseveregafling resistance isrequireL^ 
ducted on a premium joint having a metal-ml^ 

ofg2g%1g a r~2~^^^ 

been subjected to zinc p.ating. copper plating. S^S^^Z^^ ^ were used -hich had 
p.ns were used as they had been machined and nJ KfiS 5? b ' aSt,n9 - the above cases - 
repeatedly fastened and unfastened, galling occurred 3^h 0 S f °" the P ' nS When the boxes and » a were 
case of copper p,ating. the galling reslfanceTwS FJ,£tt£EZ* °? Cunence of 0-» Even in the 
the pin were fastened and unfastened only three times In^TS? I i 9 ^" gall,n9 occurred when *e box and 
» is very difficult to ensure the galling resiSanSundJtne coTdZofT 0 ?/ J^T ** * Can b * UnderSt00d * hat 
Commonly, in the case of a premium joint, in order to £S5 ^ sea^ ^f" ^ ^ * d6SCribed 38 to" 0 " 8 - 
mum joint is given a high surface pressure of 600 MPa whS £r^T tha meta, - metal contact portion of the pre- 
•s made up and broken out. a metallic surface mS^^STE^JS 1 P ° ,nt 01 mother mete »- ««• *• £int 
pressure. * ce s,raes on another metallic surface under the condition of high surface 

lubrication used for the threaded joint of an o!. P ^ ^ investi 9 a «°" into a coating of solid 

us JS!' effTct' S aTb^Sd^ UP ° n 3 in - — is 

surface condrtion and temperature. When SSSSt^T^ ^ Speed ' *»» ° f «« lubricant, 
ite a high galling resistance when it is used XhSS^^ iS USed as «* ,ub "cant, ■ exhib^ 

that of common grease when it is not used in an JHE S^^"*^ ,UbriCati<>n •** iS inferior to 

present inventors developed a pin-on-disk type ZngtllZTZT ar t "" >«W of coating, the 

samples. The reason why a conventional gaK eva S « andava, " at,on *» conducted using small 
test is that the effect of enhancing the galNng £52??«2i, f * oude " Miction Tester was not used in this 
used. In the case of a premium joint. SVZt1^£^JZ¥*^ a " * *■* it is 

the test is carried out on a small scaJe, it is nec^Z£ £ EI^SL** ? * BC * ad before ' ^ when 
showing an outline of the test conducted in the oresentiS^n £ ? P eSSUre ' F ' 9 ' 4 is a hematic illustration 
follows. CT6a me present ,nventK>n - Sables and experimental conditions are shown as 



Pin shape of the surface tQ be t&st&J ^ ^ 

U,SK Outer diameter: 250 mm0 

Surface roughness: 0.007 mm 
Test condition Load: 230 kg 

Sliding speed: 5 m/min 

Rotational diameter: 178 mm 

Temperature: 20°C 

Lubricant: not used 
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same as that of the actual joint. A sSng dsfanTp^^^ could be me 

which was 178 mm. At the maximum sliding speed Stored I inTJ »T ^ ffT^ t0 3 pipe ' the outer di ^eter of 
of the actual joint was given. This test was SS^^iJl IS^T ,0lnt •• 88016 hi9h surface P res *™ as that 
lubricant such as grease. characterized m that the galling resistance was evaluated without using any 
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Fig. 5 is a graph showing a relation between the type of surface coating formed by means of dispersion plating, and the 
sliding distance at which galling occurred. As shown on the graph of Fig. 5, the galling resistance of dispersion plating 
greatly depends upon the galling resistance of the matrix, and no effects were provided by the dispersed molybdenum 
disulfide. It can be understood that the galling resistance of the single body of the metallic matrix was higher than the 

5 galling resistance of the dispersion plating in which molybdenum disulfide was used. The above phenomenon is pecu- 
liar to a case in which high surface pressure is given. Under the condition of a light load, as it is commonly said, molyb- 
denum disulfide can provide a high lubricating effect, so that the dispersion plating can provide a higher galling 
resistance than the single body of the metallic matrix. The circumstances are the same when tungsten disulfide is used. 
Next, Fig. 6 shows the result of evaluation of coating on which powder of molybdenum disulfide was dispersed and 

10 mixed in a binder made of resin such as polyamideimide, epoxy or furan. Fig. 6 is a graph showing a relation between 
the type of coating, on which powder of molybdenum disulfide was dispersed and mixed in various resins, and the slid- 
ing distance at which galling occurred. In the above case, as a surface preparation, manganese phosphate chemical 
formation treatment was conducted. The galling resistance of the above coating was 10 times as higher as that of cop- 
per plating which was conventionally considered to be the best. Even when the sliding distance reached the maximum 

15 testing sliding distance 80 m which was temporarily set, no galling occurred. Tungsten disulfide can provide the same 
effect as that described above. 

Galling resistance depends upon the type of a binder to be used in the coating. The highest galling resistance was 
provided by polyamideimide. The order of binder to provide high galling resistance was polyamideimide, epoxy and 
furan. Galling resistance is concerned with the tensile strength and impact value of the resin itself. 

20 A quantity of the above organic resin must be determined by the following expression, 

0.2 < {quantity of powder of (molybdenum disulfide or tungsten disulfide)} / {quantity of (resin)} < 9.0, 

and the thickness of the resin coating layer must be 10 to 45 nm and the resin coating layer must be formed on a phos- 

25 phate chemical formation coating layer which is a surface preparation layer. When a ratio of the quantity of powder of 
molybdenum disulfide or tungsten disulfide to the quantity of organic resin binder is lower than 0.2, it is difficult to 
enhance the lubricating performance of a solid lubricating coating layer to be formed. When the ratio exceeds 9, the 
adhesion property of the formed solid lubricating coating layer is deteriorated, and especially powder of molybdenum 
disulfide or tungsten disulfide is peeled off from the coating layer. Therefore, the ratio exceeding 9 is not preferable. 

30 Accordingly, the ratio of a quantity of molybdenum disulfide or tungsten disulfide, which is an essential component to 
form a solid lubricating coating layer, to a quantity of organic resin is determined to be in a range from 0.2 to 9. 

The resin coating layer is formed by the thickness of 1 0 to 45 urn on the phosphate chemical formation coating layer 
subjected to surface preparation. When the coating thickness is smaller than 10 ^m, it is impossible to enhance the 
lubricating performance sufficiently, and further the frequency of making up and breaking out of a joint of steel pipe is 

35 reduced. Therefore, a coating thickness smaller than 10 urn is not preferable. 

On the other hand, when the coating thickness exceeds 45 urn, enhancement of the lubricating performance is sat- 
urated, and further the making-up torque is increased too much. Therefore, it is disadvantageous to adopt the coating 
thickness exceeding 45 urn. When the coating thickness exceeds 45 ^m, there is a tendency that the adhesion property 
of a solid lubricating coating layer is deteriorated. Accordingly, the coating layer is peeled off. For the above reasons, it 

40 is not preferable to adopt the coating thickness exceeding 45 urn. Accordingly, thickness of the resin coating layer was 
preferably determined to be in a range from 10 to 45 urn, and thickness of the resin coating layer was more preferably 
determined to be in a range from 1 5 to 40 urn. 

Surface preparation is the most important factor to make the most of the characteristic of molybdenum disulfide. 
Therefore, the influence of the surface preparation on the galling resistance was evaluated, and the result of evaluation 

45 is shown in Fig. 7. Fig. 7 is a graph showing a relation between the type of coating, on which powder of molybdenum 
disulfide was dispersed and mixed in resin subjected to various substrate processing, and the sliding distance at which 
galling had occurred. Concerning the surface preparation, the evaluation test was conducted on manganese phosphate 
chemical formation, nitriding, sand blasting and no surface preparation. As a result of the evaluation, the order of excel- 
lence of galling resistance was manganese phosphate chemical formation, nitriding, sand blasting and no surface prep- 

50 aration. It was found that the galling resistance was the same as that of copper plating when no surface preparation was 
made. The circumstances were the same in the case of tungsten disulfide. When manganese phosphate treatment was 
conducted after the completion of nitriding, the most stable galling resistance could be provided. Further, it should be 
noted that the effect provided by molybdenum disulfide greatly fluctuated when sand blasting was used as a means of 
surface preparation. The reason is considered as follows. In a galling test in which no lubricant is used, protrusions on 

55 the surface formed by sand blasting are selectively contacted with the opponent metal, so that the resin coating is 
locally worn away. As a result, metal and metal are coagulated with each other, and galling tends to occur. 

The present inventors took notice of the above mechanism and made investigation into the effect of coating thick- 
ness with respect to the manganese phosphate chemical formation. As a result of the investigation, it was found that it 
was most preferable to provide a phosphate chemical formation coating layer, the thickness of which was 5 to 30 urn. 
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not be closely contacted with the solid uSSSSSL l!TS^SS^t ,a ^ <*" 

ronment over a long period of time, the coating *£m%^£%^ T the JO,nt iS exposed to a "™f«i envi- 
coating .ayer has worn away, the lubricat^peWrJS cin Sot 2 ™ Further - after the so,id lubri <= a «"9 
ance of a steel joint can not be sufficiently enhanc ™ ma.nta.ned to be high. That is, the galling resist 

rated, and further the adhesion property Jlh^JcSSZ^^T^ * * he COati " 9 rtse,f is dete "°- 

-ng 30 M m is not preferable. For the reasons deiriS I!t ! There, ° re - 106 thickness ^eed- 

enhanced. The manganese phosphate chemical 1^™£*c^m£ T" - COatin9 ,aver 030 ba 

steel p,pe. the composition of which inhibits unHbr^Tn^afon o^Sifj^^ * 9enerated W ' th respect to a i° int of 

*> ^S^JSTT 8 can be kept over • £ coat,n9 ,ayer Even after the resin — * •« 

inarangefSmr^oZ^Tnt^ 

t.ve portions are formed on the nitriding layer, so that * VSSEIZ!^ " 8rnal,w than 1 » m - def <*" 

ness of the surface preparation nitridTng l^u^VST^^S^ If*"* 7heretor * the thi <*- 
th,ckness of the surface preparation nitrSing tayer^S^O „T JL / preferab,e - °" *e other hand, when the 
25 hardness of the nitriding layer is high, the pr £2? of SS o TjSSi f^T"? «** * Saturated - Sin <* *e 
layer .s .ncreased. Accordingly, the thickness of £ suS SJEEISSi? th ' CkneSS * the nitridin 9 

We. Accord.ng to the present invention, the thickness of the S2SS^ ^ exceedin 9 20 urn is not prefera- 
range from 1 to 20 ^m, and it is preferab.e th^e^c^^?^^ 0 " "V" 9 ^ * det6rmined to be in a 
be in a range from 5 to 15 jim. m.cKness of the surface preparation nitriding layer is determined to 

the thickness of a manganese phos^te^nS, £^1^^^ *T 8 betW6en 
gallmg res,stance can be provided. The important thing feThat Z t ° f reS ' n COatin9 by wnich a hi 9her 

ness of a chemical formation layer. The ZJonW^^EIL 2?" ^ ° f 8 te ,ar 9 er «»" the thick- 

3 5 when the chemical formation, the mecS of ^to i^ JT^T" '* eff6Ctive iS described as Even 
blasting, is carried out, irregu.arities cSrT^ n ^o ,he nfc^ess of 3 ^^ 6 fT" ^ Preparation - — 
surface. Accordingly, in order to prevent the occurrence Sse^ ^STJLSl ? ,0rmati0n COatin9 appear on *" e 
th,ckness of which is not less than the thickness ofTc^emSl^^ ^L ' S 1%°*™* t0 form a resin »» 
ton -s not conducted and the surface roughness Ts rSSSS * 9 ' ^ 1,16 phos P hate ^mical forma- 
of resin coating, it is possible to obtain ."ooSiS effe^ fofttV ^ * kmm than * ,e thickness 

phosphate chemical formation. Y 9 ect Next for 4,16 reasons, it is preferable to conduct a 

™^ formation coating layer is 

ton > ; advantageous in that a change Sme^Sm^^ 8 ^^ b * Sti " 9 ' the phos P na »° <*«*>. forma- 
confacted with a resin layer, and further the wwkaaSyS ^SSSL %ZZ£l formafon is c,ose,v 

hgaton into the change with time, the following E S format, ° n ! S hi9h " ,n older to 

means of manganese phosphate chemical format^ an3 JSS^lfS * preparation was made on samples by 
formed ,n the same manner, and the samples ^eZ^Z l^r^ Samples - resin c< ««ng layers were 

coating was observed. On the sample > SJSd^^nST for ^ T"^ After ^ the ad "es''on of the resin 
changes. However, on the samples ^SS^^SS^S°^ f ° rmati0n - there were "° 

blasted surface. Especially when the sanies 2? 9 ^ Were Separate from the •«* 

vewpoint of workability, when sand blasting^ ^ZT^s^'T^ ™ y be Caused - From ^ a 

ton of sand blasting, preferably within 30 minuti a4r thT^n?i „ T praparat,on - immediately after the comple- 
coating treatment, however, on the amJSSSSl \ Ts^S^JT^" 9 ' '* * necessar * to cond ^the 
predetermined period of time. On the other hand n the t^T^^^^u°^^^^^ in ^^ 
even after the samples were left for 2 weeks after Se coStetitTtiStm. f ° Tma6on treatm6nt - 

ordertoeva.uate.eg-;™ 



40 



45 



NSDOCID: <EP 0786616A1.I. 



EP0 786 616 A1 



unfastened 10 times, and then the gas sealing property was evaluated in accordance with the load condition stipulated 
by API RP5C5. As a result of the evaluation test conducted in the same machining tolerance as that of a case of con- 
ventional grease lubrication, the joint leaked no gas. The reason why the joint leaked no gas is described as follows. In 
order to ensure the galling resistance, the resin coating thickness was made to be larger than the thickness of surface 

5 preparation coating. Therefore, irregularities on the boundary surface of the metallic contact portion, which substantially 
conduct sealing, are made to be very smooth, and further a clearance between the sliding surfaces opposed to each 
other is filled with resin. Accordingly, even if grease is not used, it is possible to provide a high sealing property. 

Fig. 9 is a schematic illustration showing a relation between the thickness of resin coating of the present invention 
and the thickness of phosphate chemical formation coating layer. In order to accomplish the object of the present inven- 

10 tion, the surface condition of a joint of steel pipe must satisfy the following inequality as illustrated in Fig. 9. 

8 m < 8 c 

where 5m is a coating thickness of the phosphate chemical formation coating layer 5 or a coating thickness of the nitrid- 
15 ing layer and a phosphate chemical formation coating layer, and 8 C is a thickness of the resin coating layer 6, on which 
powder of molybdenum disulfide or tungsten disulfide is dispersed and mixed in resin, formed on the above surface 
preparation layer. That is, it is necessary to make the coating thickness 6c of the resin coating layer larger than the coat- 
ing thickness 8 M of the phosphate chemical formation coating layer or the coating thickness of the nitriding layer and 
the phosphate chemical formation coating layer. When 8c is smaller than 8 M , it is impossible to maintain the galling 
20 property of the joint, wherein maintaining the galling resistance is an object of the present invention, and further it is 
impossible to maintain the sealing property of the joint. 

The coating thickness S M of the phosphate chemical formation coating layer is 5 to 30 ^m, and the coating thick- 
ness S c of the resin coating layer is 10 to 45 urn as described before. Therefore, it is necessary to form both coating 
layers while the condition of 8 M < 8c can be maintained. 
25 Fig. 10 is a schematic illustration showing a relation among the thickness of resin coating of the present invention, 
the thickness of phosphate chemical formation coating layer, and the surface roughness of the opposing sliding surface. 
The following are the descriptions of the second invention to accomplish the object of the present invention. In order to 
accomplish the object of the present invention, the surface condition must satisfy the following inequality as illustrated 
in Fig. 10. 

30 

6 M < S C 

where 8 M is a coating thickness of the phosphate chemical formation coating layer 5 or a coating thickness of the nitrid- 
ing layer and the phosphate chemical formation coating layer, and 8 C is a thickness of the resin coating layer 6, on which 
35 powder of molybdenum disulfide or tungsten disulfide is dispersed and mixed in resin, formed on the above surface 
preparation layer. Also, the surface roughness R max must be determined to satisfy the following inequality, 

R max < 6 c 

40 where the surface roughness of the opposing sliding surface 7 is R max . In other words, when the surface roughness 
R max o f the opposing sliding surface is larger than the coating thickness 8 C of the resin coating layer, the joint leaks gas 
because there is provided no grease or lubricant on the surface of the joint of the present invention, so that the object 
of the present invention can not be accomplished. 

Fig. 1 1 is a schematic illustration showing a relation between the thickness of resin coating of the present invention 

45 and the surface roughness of the phosphate chemical formation coating layer. In order to accomplish the object of the 
present invention, the surface condition must satisfy the following inequality as illustrated in Fig. 1 1 . 

r m < 5 c 

so where R M is a surface roughness of the phosphate chemical formation coating layer 5 or a surface roughness of the 
nitriding layer and the phosphate chemical formation coating layer, and 8 C is a thickness of the resin coating layer 6, on 
which powder of molybdenum disulfide or tungsten disulfide is dispersed and mixed in resin, formed on the above sur- 
face preparation layer. In other words, it is necessary to make the coating thickness 8 C of the resin coating layer larger 
than the surface roughness R M of the phosphate chemical formation coating layer or a surface roughness R M of the 

55 nitriding layer and the phosphate chemical formation coating layer. When 8q is smaller than R M> it is impossible to main- 
tain the galling resistance which is an object to be accomplished by the present invention, and further it is also impos- 
sible to maintain the sealing property. 

The surface roughness R M of this phosphate chemical formation coating layer is kept in a range from 3 to 30 fim. 
When the surface roughness R M of this phosphate chemical formation coating layer is lower than 3 *im. the adhesion 
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formation coating layer is increased and the tendenVv ?«! fSlS!^. M " 6 th,ckness of tne Phosphate chemical 
and the coating .ayer becomes fcSTSSSfSJ "T * 

reasons, the surface roughness rJ of the pSSate f S2?J!2? y deter,orated on the For the above 

30 urn in the present invention. P^ate chemical formation coat.ng layer is restricted in a range from 3 to 

surface, or alternatively sS SSJESXSS ti^^ 0 ™'* b/ C ° ndUCtin9 maohinin 9 «■ *• 

property can be enhanced without ^TT^c^nl T T SUrf3Ce ™9hness, so that the galling 

compound grease is used. th^2,^S^i^ IT* 5 the WOrWn9 '" which 

above method, in which the surface t^S^oMhT2i2?23 6nha " Ce . the 9al,in 9 However, the 

above, has not been evaluated under ScoSSL o nT°. 9 f d 9 m6mDer ,S ohan9ed in the ma ™er described 
in which a pin. the surface oTwSJas %2^££E? f»* " 3 ^ ShOWin9 3 resu,t of the ex P erimen * 
unfastened from a mother metals^S^ T *" rep6ated ' y ,astened t0 and 

graph showing a relation between the me^sT^ n ° ' Ubricant That is ' Fi 9- 12 * - 

in the case where sand blasting is conducted onthI!^!Z^ treatme " t and 406 frequency of occurrence of galling 
blasting was conducted on me surfTcT^nn^n^ d ^ 9 memD6r Can be seen on the <W. when sand 
son why the galling resiinc JSSSfiSKffiSSl? 9a " in9 reSiS,an ° 6 "» dete *> rated - 
ing a clearance on the contact boundar surface so^ Lm^,^, lncreasin ^ the surfa ce roughness aims at farm- 
galling effect. According,, urxfer the condor 

worse, the surface treatment having the function of galH^e^n^c k H * T ° make the matter 

Fig. 13 is a schematic illustration s^ZZZato^S^^l Ll T" * cmdu< ^a sand blasting, 
the surface roughness of the phosphateT^^^S^SS n,cknes ^/esin coating of the present invention, 
sliding surface. The following are the desS lTlS^ the rOU9hness of the ^nent 

tion. In order to accomplish the object of the present J^SrSr a000mp,ish the ob i ecl ° f the present inven- 

asillustrated in Fig. 13 J ^ 6Sent ,nventlon - *• surface condition must satisfy the following inequality 
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surrace roughness R max must be determined to satisfy the following inequality. 



R max < §c 
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because there is provided no grease or lubricant rl^T!^ m '* n f ss . «c of the resin coating layer, the joint leaks gas 
of the present -errton <Tn2^ 

Mm. When the surface roughness R is 1 ne surtace ~ u 9hness R max is maintained in a range from 1 to 25 

surface roughness R max *SEi££ J£ Sl^^^ " j ° intS iS affeoted - *• 

is deteriorated. Accordingly, the surfacV^ahn^ Tf ihl ,SDrov,ded no '"bricarrt. and the sealing property 
range from 1 to 25 „ jl mode ttttk^ttlPW * * 

Phosphate chemical formation, and the resin layer was fot^S ^ITlf Dy means 01 "^anese 

disulfide was dispersed and mixed in pJSSJKS ^^Is^T 6 ' * mo,ybdenum diSU »"' de w tu " 9Sten 
the initial stage and a resin coating thinness She "h2 SH^?' 5. ! Sh0Wn 3 reSin 00311,19 tnickness * 
on the graph, the more the surfacl m3S^?SIS 5j£T ST* 3 unfastened 1 0 *»» As can be seen 
— of the ^ 

doJS a*^ the frequency of maKng-up and breaking- 

thickness when the operation of making TuTand S^^Vrt^T^^^^^^ 00 ^ 
when an amount of resin coating thictoeSwS EX^SSE T °" ^ °* F ' 9 ' 15 ' 
surface, an amount of resin coating thickness to be worn awT-s^ucS ^e roughness of the sliding 

resislance stably, it is necessary to design a ioint so t»nt72L? Tf' Therefore > In order to provide the galling 
the roughness of the sliding surface J *' ^ COatl " 9 th,0kness °» 106 resin c °a«ng can be larger than 
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In the case of no lubricant, It is an essential condition to use a resin coating on which only powder of molybdenum 
disulfide or tungsten disulfide is dispersed as dispersing particles. However, when the above dispersing particles are 
used, the following problems may be encountered. That is, when the above dispersing particles are used, S is reacted 
with hydrogen contained in moisture, and hydrogen sulfide is generated. Therefore, when the mechanical strength of 

5 mother metal is high, stress corrosion cracking is caused. In order to solve the above problems, a corrosion inhibitor 
such as 2-polymericlinseed or 1-triethylenetriaminoimidazoline is dispersed in the resin, so that the occurrence of 
sulfide stress corrosion cracking can be prevented while the galling resistance is maintained high. 

The present inventors found the following. When an appropriate amount of powder of Cu or Zn, or alternatively an 
appropriate amount of powder of both Cu and Zn is added to the solid lubricant, it is possible to enhance the galling 
10 resistance even if high surface pressure is given onto the solid lubricant coating layer. In the present invention, the 
above countermeasure is taken so as to enhance the galling resistance. Accordingly, when a solid lubricating coating 
layer is formed using the solid lubricant described in the present invention, both the lubricating property and the galling 
resistance can be enhanced, that is, the mechanical strength of the coating can be improved. 

In the present invention, in order to enhance the adhesion property when the solid lubricating coating layer is 

is exposed to the corrosion environment, that is, in order to enhance the adhesion property with time, further, in order to 
enhance the life of lubrication even after the solid lubricant coating layer has been worn away by the repetition of sliding 
under a high surface pressure, as a lower layer of the solid lubricant coating layer, there are provided a nitriding layer, 
an iron plating layer, an iron alloy plating layer containing one of Ni and Co or an iron alloy plating layer containing both 
Ni and Co, and a manganese phosphate chemical formation coating layer. That is, concerning a joint of steel pipe made 

20 of high Cr alloy stee! which contains Cr, the amount of which is not less than 10% so that it is difficult to uniformly form 
a manganese phosphate chemical formation coating layer, there are provided a nitriding layer and an iron plating layer 
or an iron alloy plating layer. Accordingly, the manganese phosphate chemical formation coating layer can be uniformly 
formed, and joint performance can be enhanced by the effect provided by both the manganese phosphate chemical for- 
mation coating layer and the solid lubricant coating layer. On the manganese phosphate chemical formation coating 

25 layer, a large number of voids are generated among the generated crystal particles. Accordingly, the solid lubricant 
coating layer is formed under the condition that a large amount of the solid lubricant coating layer is trapped in the voids. 
As a result, it is possible to form a solid lubricant coating layer, the adhesion property of which is high, and further the 
adhesion property with time can be improved by the effect of inhibiting the corrosion of the manganese phosphate 
chemical formation coating layer. Even after the solid lubricant coating layer has worn away or become damaged, the 

30 lubricating performance can be maintained over a long period of time by the effect provided by both the manganese 
phosphate chemical formation processing layer and the sold lubricant coating layer which is trapped in the manganese 
phosphate chemical formation processing layer. 

As described above, according to the method of the present invention, in a joint of steel pipe made of high Cr alloy 
steel, there are provided a nitriding layer, an iron plating layer or an iron alloy plating layer and a manganese phosphate 

35 chemical formation layer. Further, there is formed a solid lubricant coating layer of which the toughness, hardness and 
lubricating performance are high. Accordingly, it is possible to form a surface treatment coating layer of which the adhe- 
sion property, mechanical strength and lubricating performance are high, and the lubricating life of the surface treat- 
ment coating layer can be maintained over a long period of time. Therefore, when the joint of steel pipe made of high 
Cr alloy steel produced by the method of the present invention is very excellent in galling resistance, in abrasion resist- 

40 ance and in durability when it is used over a long period of time, that is, when it is subjected to the repetition of making 
up and breaking out a large number of times. In other words, according to the method of the present invention, it is pos- 
sible to provide a joint of steel pipe, the galling resistance of which is high, so that the occurrence of galling can be pre- 
vented as compared with the conventional method even if the joint is repeatedly used over a long period of time. 

A surface treatment method of producing the joint of steel pipe of the present invention will be described below in 

45 detail. 

In the joint of steel pipe of the present invention, there is provided a manganese phosphate chemical formation 
coating layer of which the thickness is in a range from 5 to 30 ^m, or alternatively there are provided a nitriding surface 
preparation layer of which the thickness is in a range from 1 to 20 urn, and a manganese phosphate chemical formation 
coating layer of which the thickness is in a range from 5 to 30 pm. When the thickness of the manganese phosphate 

so chemical formation coating layer is smaller than 5 \ivn, the chemical formation coating layer cannot coat the surface suf- 
ficiently, and it is impossible to improve the adhesion property of the chemical formation coating layer to the solid lubri- 
cant coating layer and, especially when the joint is exposed to a corrosion environment over a long period of time, it is 
difficult to provide a sufficiently high adhesion property. Further, after the solid lubricating coating layer has worn away, 
it is impossible to provide a sufficiently high lubricating performance, that is, the enhancement of galling resistance, 

55 which is an object of the present invention. On the other hand, when the thickness of the manganese phosphate chem- 
ical formation processing layer exceeds 30 jim, the tendency of generating secondary crystals is remarkably strength- 
ened, and the adhesion property of the coating layer itself is deteriorated, and the adhesion property of the solid 
lubricant coating layer is also deteriorated. Therefore, the thickness of the manganese phosphate chemical processing 
layer exceeding 30 urn is not preferable. For the above reasons, in the present invention, the thickness of the manga- 
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nese phosphate chemical formation processing layer is ♦ 

ness of the manganese phosphate chemical forS 30 ^ 3nd P™*** ■» «*■ 

ln the present invention, as a surface ornarJnnZ ^1 * >nt0 3 ran 9 e ,rom 10 «° 20 pm. 

ing .aye, there is proved a nfridingt ^K^£^SZS?S Ph ° SPhat6 ehMte- formation P^s- 
described as follows. When neceJsai tnTaSa^^ 

processing layer can be further increase*. TUe ^^^^^^ Phosphate chemical formation 
ormly formed on a joint of steel pipe, the oonpSS55SEJSSS5! ^ formaW ° n PrOC6SSin9 «" «» uni- 
lubr.cat.ng effect can be maintained over a lono oeri^ JS th , S Unrf0rm fom *«°n of the coating layer The 

In order to provide the above en^^^^.T *~ ^ IUbriC3nt C03tina ^ •« w°?n away 
from 1 to 20 „m. When the thickness o the ^7^^^^*°" ^ is restricted in *> « 4te 

are formed on the nitriding layer, so that the US^^SSSfiTf Sma " er lhan 1 de,ectiv « Portoi 
preparat.cn nitriding layer smaller than 1 JT^^^^^^J^-^^ thickness of the surface 
preparation nitriding layer exceeds 20 ^m. fhe aboveSSfi^t? T & Whe " the thickness of tne surface 
the property of a joint of a steel pipe is deterioS« f SfSS * hardneSS ° f layer is high, 

increased. Accordingly, the thickness of the sunS IS ** "5" Preparati0n nitridi "9 
the above reasons, in the present invention, theWcSeS 7Z1 9 ^ eXC6ed,n9 20 " m is not Parable. For 
range from 1 to 20 urn. It is preferable that the 'ESSSSS? nitridin 9 * restricted into a 

range from 5 to 15 jun. tn.ckness of the surface preparation nitriding layer is restricted into a 

Phate chemical formation coating .ayer J^^SS^iSSTZ and 3 man9anese 
manganese phosphate chemical formation the c^J^?^^^^^ 9 ^^^^^ 
appfced. which is conducted for enhancing the g^r^S Chemical forma «°" method is 

clean.ng process such as degreasing and acid SngTaS VElfr*".*" COmpletion of surface 

degreasmg and shot blasting. For example. immeSSafteftnL a hZ^f ^ ° SUrfeCe act,Vatin 9 P roc ^ such as 
process, the manganese phosphate chemical fcS2? ^SSSSSVS^iT^ PrOCeSS ° r ac ^«"9 
process or surface activating process, the pretreaS isl^l a ^ ^rnatively after the above surface cleaning 
mafton is conducted. Concerning the pretieatmenTSh w I ? the ""Oanese phosphate chemical for 

or bath of (manganese colloid-sodium ^SSS^JT^^ " c0ll °^^ pyrophosphate) 

pretreatment bath is not limited to the ^SZT^^TZT^ * «*** iS °" 1 to 3 0 * «• «5 howeS^e 
cess.ve.y conducted after the pretreatment bSTSJ 'SSX ChemiCa ' f0rmation ' whi <* * sue 
pies of the usable manganese phosphate chemical formal!? ? 9C * C 6Xamp,e in P resef * Mention Exam- 
N0 3 ). the primary component of which i fe ma^i? ^ 3 ° hemical formation ^ * (Mn 2 * - Ni"° PoT 
in the chemical formation ^T^g^^^ZfT^ ~" " Nj2+ ' Fe2+ " p o/- No' V)" 
responding to the thickness of the co^^SSSS. 75 * « h 3 freatme "» time cor- 

to surface cleaning treatment and surface mS^SSZSSSSS^ J™ ^ ° f 3 81661 *• is Ejected 
shot blasting. Then, the joint is subjected to mbS^S^V^^ 3dd C ' eanina or degreasing. and 
described as follows. o a oath of molten salt, the examples of the composition of which are 
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(A) 


Bath NaCN 


25% 




KCN 


10% 




NaCNO 


25% 




KCNO 


10% 




Na 2 C0 3 


20% 




K 2 CO s 


10% 


(B) 


Bath NaCNO 


10% 




KCNO 


45% 




Na 2 C0 3 


10% 




K 2 CO s 


35% 



In the bath of molten salt, the above nitrogen compounds 



are contained. At a temperature in a range from 400 to 700-Q 
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the joint of steel pipe is subjected to treatment in accordance with the size of the joint so that a predetermined thickness 
of the nitriding layer can be obtained. 

After the completion of nitriding treatment, the joint of a steel pipe is subjected to a surface cleaning treatment such 
as degreasing and water washing, or alternatively the joint of a steel pipe is subjected to a surface cleaning treatment 

5 such as degreasing and water washing and a surface activating treatment. Then, by the same method as described 
above, the manganese phosphate chemical formation coating layer is formed. In order to accomplish the object of the 
present invention, in order to enhance the performance of preventing the occurrence of galling and seizing of the joint 
of steel pipe having the manganese phosphate chemical formation layer or having both the surface preparation nitriding 
layer and the manganese phosphate chemical formation layer, the solid lubricant coating layer is provided. In order to 

10 accomplish the object of the present invention, it is necessary that the adhesion property of the solid lubricant coating 
layer to the manganese phosphate chemical formation layer is high, and it is also necessary that the lubricating per- 
formance and the mechanical strength of the coating layer are high under the condition of high surface pressure. 

Concerning the iron plating or alloy steel plating, examples of the composition of the treatment bath are: iron sul- 
fate-iron chloride-Fe of ammonium chloride; iron sulfate-nickel chloride-iron borate-Ni alloy; iron sulfate-cobalt chloride- 

75 iron borate-Co alloy; iron sulfate-nickel chloride-cobalt chloride-Fe of ammonium chloride-Ni-Co alloy. Under the condi- 
tion that the electric current density is 1 to 20 A/dm 2 and the temperature of bath is in a range from room temperature 
to 60°C, electric plating is conducted for a period of electrolytic time that has been previously set to obtain a predeter- 
mined thickness of plating. When plating of alloy steel is conducted, the plating composition is adjusted in such a man- 
ner that the amounts of Ni 2+ and Co 2+ to be added and the electric current density are appropriately determined. 

20 In the present invention, in order to enhance the lubricating performance of a coating, a powder of molybdenum 
disulfide or tungsten disulfide, which is an essential component, is contained in the solid lubricant. Further, a binder is 
contained in the solid lubricant for the purpose of enhancing the adhesion property and the mechanical strength of the 
coating. Examples of usable binders are: epoxy resin, the molecular weight of which is 2000 to 10000; furan resin, the 
molecular weight of which is 1 50 to 250; and polyamideimide, the molecular weight of which is 1 0000 to 25000. In order 

25 to further enhance the abrasion resistance of the coating to be formed, when necessary, powder of Cu or Zn, or powder 
of both Cu and Zn is contained in the above solid lubricant. 

In order to accomplish the object of the present invention, it is necessary to coat a solid lubricant on the joint to be 
treated. The solid lubricant contains powder of molybdenum disulfide or tungsten disulfide, the particle size of which is 
0.45 to 10 urn, when it is measured by Fisher's Measurement Method. Also, the solid lubricant contains an organic 

30 resin, the composition of which is expressed by the following expression. 

0.2 <, {quantity of (powder of molybdenum disulfide or tungsten disulfide)} / {quantity of (one of epoxy resin, 
furan resin and polyamideimide resin)} <, 9.0 (weight ratio) . Then the coated solid lubricant layer is subjected to a heat 
treatment of baking in a range from 1 50 to 300°C so as to form a solid lubricating coating layer of 1 0 to 45 um thickness. 
When the particle diameter of the powder of molybdenum disulfide or tungsten disulfide measured by Fisher's 

35 Measurement Method is smaller than 0.45 u.m, it is impossible to enhance the lubricating performance by adding a pow- 
der of molybdenum disulfide or tungsten disulfide so as to prevent the occurrence of galling. 

On the other hand, when the particle size exceeds 1 0 um, the effect of enhancing the lubricating property by molyb- 
denum disulfide or tungsten disulfide is saturated, and it becomes difficult to adjust the thickness of the solid lubricating 
coating layer. Accordingly, the particle size exceeding 10 jim is not preferable. Therefore, the particle diameter of pow- 

40 der of molybdenum disulfide or tungsten disulfide, which is measured by Fisher's Measurement Method, is restricted in 
a range from 0.45 to 10 urn. It is preferable that the partide diameter of powder of molybdenum disulfide or tungsten 
disulfide is restricted in a range from 2 to 5 um Concerning the organic resin binder composing the lubricant, the molec- 
ular weight of epoxy resin is restricted in a range from 2000 to 10000, the molecular weight of furan resin is restricted 
in a range from 150 to 250, and the molecular weight of polyamideimide is restricted in a range from 10000 to 25000. 

45 When the molecular weight of epoxy resin is smaller than 2000 and the molecular weight of furan resin is smaller than 
150 and the molecular weight of polyamideimide is smaller than 10000, it is impossible to provide a sufficiently high 
toughness and hardness. When the molecular weight of epoxy resin exceeds 10000 and the molecular weight of furan 
resin exceeds 250 and the molecular weight of polyamideimide exceeds 25000, the effect of enhancing the toughness 
and hardness of the coating to be generated is saturated, and further it becomes difficult to coat the treatment agent 

so uniformly, and furthermore the adhesion property of the generated coating to the manganese phosphate chemical for- 
mation coating is deteriorated. Accordingly, it is not preferable. 

Therefore, the organic resin binder used for the lubricant applied to the formation of the solid lubricant coating layer 
of the present invention is restricted to: epoxy resin, the molecular weight of which is in a range from 2000 to 10000, 
preferably in a range from 3000 to 5000; furan resin, the molecular weight of which is in a range from 150 to 250, pref- 

55 erably in a range from 1 70 to 220; and polyamideimide resin, the molecular weight of which is in a range from 10000 to 
25000, preferably in a range from 15000 to 20000. One of the above resins is selected and used for the present inven- 
tion. 

In order to accomplish the object of the present invention, concerning the solid lubricant to form the solid lubricant 
coating layer, a composition ratio of the powder of molybdenum disulfide or tungsten disulfide to the binder is important. 
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in the present invention, the composition ratio is restricted by the following expression. 

0.2 < {quantity of (powder of molybdenum disulfide or 
tungsten disulfide)} / {quantity of (one of epoxy resin 
furan resin and polyamideimide resin)} < 9.0 (weight ratio) 

formed solid lubricant coating layer is deterSedSLSSf f 9 °' the adhesion P r °P ertv °» *e 

peels oft from the coatng .^r/The^r^^ 

Accordingly, the composition ratio of the nnuurtJr L™. exce6d,n 9 9 0 ,s not preferable, 
tia. component for the fZJ^^^SS^SS^ d,SUm& ° r tU " 9Sten disu " which * an essen- 
0.5 to 3.0. and most preferably i , . ^angTfrom ol S ° ^ 10 the b ' nder is • ™ge from 

size of this powder is in a range from 0.5 to 10 an amoSt of ™ h^T^ Whe " necessar y 7,16 ^icle 
10 to 50 weight % with respect to an amount of^owatr of ZSZZEEZFS!* °' '° * * 3 ran 9 e from 
treatment agent. Even when powder of Cu orT^l^^ZS ^T^" diSU,fide COnteined in 
sow lubricant coating layer, the effect of enhandn MnemSaS f^llT" T™, 05 " m " * COn1ained in ^ 
Kr eofpo^ 

denuTdTsu^ 

p^s^ 

of molybdenum disulfide or tungsten disulSeTnd iLfZT % JT to - » amount of P 0 "** 

restncted into a range from 20 to 42.5 weight % wrth e£eS ^ ?? - " ° U °' Z " t0 be added is 

sten disulfide. 9 ™ * Wltn respect to the arnourrt of Powder of molybdenum disulfide or tung- 

neas^Te^Sr 

subjected to the manganese Phihate^heS^^ "J?** Pipe ' the * which has been 

nese phosphate chemical formation. The memod oTaolSn 1 8Urface P' 4 **^ 0 " n *"°"ing and the manga- 

of coating the so.id lubricant is not limT^e^^nSa^? ° r the «—0 

be adopted. For example, ketone is used as solSn? »SK ^ 6rt ,nvention - Conventional methods may 
coated by means of spraying. Next, the^ott of SSpe^aT^ ^ *" «" ,Ub ' ican « is 

■ng. In the present invention, the method or conditio^ of SaS,^. I?"* ' S SUbjeCted to heatin 9 and «**- 
heatrng temperature may be arbitrarily determined ™acc^ ' S n<5t " m ' ted to the 8 P ecMc exa ™Ple. The 

-n the solid .ubricant. Concerning the heating Tmefhod ? ^ resin binder stained 

heating methods are: hot blast drying, gas heating elecfric ZSZZ ^ w may be ad0pted Ex£ ™P"es of usable 

ofstlCeTo^ 

ess of baking conducted after the solid lubricam 

before the solid lubricant is coated on the join ™ steel p£e J ° ,nt ° f Steel pipe mav be Piously heated 

-«r!^ coating ,ayer formed on the jrtnt of stee! pipe is 

lubricating performance of the presenT'i^ -s smaller than 10 M m. the object of enhancing the 

smaHer than 1 o urn, there is caused a pMe^n^^^u^ acc ° m P |ished Wn *" coating thickneL is 
Pipe is decreased. On the other hand when ^thl^^ " P breaki " 9 OUt 0f the **« 

ance enhancing effect is saturated Therefore the th^Jl f^ 9 ' ayer exceeds 45 lubricating perform- 

When the thickness of the coatina ^^^T^ZTZT" me COatin9 ,ayer exceeding 45 nm is not economical 
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ing layer is restricted into a range from 15 to 30 ^m. 

When the solid lubricant coating layer is formed on the manganese phosphate chemical formation coating layer by 
the solid lubricant described above, the adhesive property of the solid lubricant coating layer to the manganese phos- 
phate chemical formation coating layer is very high, so that the toughness and hardness of the coating layer can be 

5 enhanced, that is, it is possible to provide a coating of high mechanical strength and high lubricating performance. In 
the present invention, the solid lubricant coating layer is composed of a solid lubricant containing the powder of molyb- 
denum disulfide or tungsten disulfide and the binder of polyamideimide resin, to which the powder of Cu or Zn is added. 
The thus formed solid lubricant coating layer is excellent in toughness and hardness as compared with the coating layer 
composed of other resins. Further, when powder of Cu is added, the abrasion resistance can be further enhanced, and 

w it becomes possible to provide a higher effect. The mechanical strength of the thus formed solid lubricant coating layer 
is especially high. Accordingly, even when the solid lubricant coating layer is repeatedly slid under the condition of high 
surface pressure, the life of the coating can be extended. Accordingly, even when the joint of steel pipe is repeatedly 
made up and broken out, the solid lubricant coating layer of the present invention is very effective. 

As described above, according to the present invention, it is possible to form a compound coating layer on a joint 

75 of steel pipe, including: a manganese phosphate chemical formation coating layer, or a surface preparation nit riding 
layer and a manganese phosphate chemical formation coating layer; and a solid lubricant coating layer, the mechanical 
strength and the lubricating performance of which are very high. When the effects of the above coating layers are 
added, it is possible to provide a joint of steel pipe, the galling resistance of which is very high. In this connection, the 
joint of steel pipe coated with a compound coating layer produced by the method of the present invention can be used 

20 in a normal working condition in which compound grease is coated on a metallic sealing portion and the joint is made 
up and broken out repeatedly. Further, the joint of steel pipe coated with a compound coating layer produced by the 
method of the present invention can be used in a working condition in which a sufficient amount of compound grease 
is not coated, or alternatively in a working condition in which no compound grease is coated intentionally. Even when 
the joint of steel pipe coated with a compound coating layer produced by the method of the present invention is used in 

25 the above conditions, galling of the coating seldom occurs, that is, it is possible to provide a high galling resistance. 

It is possible to apply the present invention to a joint used for connecting oil well pipes. That is, the present invention 
can be applied to both a pin, which is composed of a thread portion formed at the end of an oil well pipe and a tapered 
portion formed in the base portion of the oil well pipe, and a coupling, which is composed of a thread portion engaged 
with the above thread portion and a tapered portion formed at the end. Alternatively, the present invention may be 

30 applied to one of them. Especially, the present invention may be applied to only the coupling. In the present invention, 
the structure of the coating on the thread joint used for an oil well pipe is described. Therefore, it should be noted that 
the present invention is not limited to a specific example of the combination of the coating and the shape of the joint. 
Referring to the examples, the present invention will be explained in detail as follows. 

35 EXAMPLES 

EXAMPLE 1 

With respect to the box and the pin illustrated in Fig. 1 which are members to compose a joint of steel pipe, the 

40 respective screw portions and metal-metal contact portions were subjected to the treatment described as follows. As a 
surface preparation, on the contact boundary surface of the box, there was provided a manganese phosphate chemical 
formation coating layer, or there were provided a surface preparation nitriding layer and a manganese phosphate chem- 
ical formation coating layer. Alternatively, there was provided a surface preparation nitriding layer, and the thus provided 
surface preparation nitriding layer was subjected to sand blasting. Concerning the resin coating, there were provided a 

45 resin coating layer of molybdenum disulfide and polyamideimide resin, a resin coating layer of molybdenum disulfide 
and epoxy resin, and a resin coating layer of molybdenum disulfide and furan resin, wherein the ratios of composition 
were set at predetermined values. The thus provided solid lubricants were coated, and the thickness of the resin coat- 
ing was changed. Table 1 shows the frequency of occurrence of galling when the roughness of the opposing sliding sur- 
faces was changed. As can be seen on Table 1 . in the test of an actual joint, in which the joint was repeatedly fastened 

so and unfastened 20 times at the maximum under the condition of no lubricant, it was proved that the effect of the present 
invention was high. As can be seen on Table 1 , under the condition of no lubricant, the sliding surface worked like a file. 
Accordingly, in the case of a resin coating on which powder of molybdenum disulfide is dispersed and mixed, it is nec- 
essary to form the resin coating so that the thickness can be larger than the roughness of the surface preparation, and 
also it is necessary to form the sliding surface so that the surface roughness can be smaller than the thickness of the 

55 resin coating. 
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member ) 1 and the pin (end portion of a steel pipe) 2, the respective thread portions 3 and the metal-metal sealing 
portions 4 were coated with the manganese phosphate chemical formation coating layer, or the surface preparation 
nitriding and the manganese phosphate chemical formation coating layer, and the solid lubricant coating layer accord- 
ing to the present invention. The thus produced joints were subjected to the evaluation test. 

s As illustrated in Fig. 2, the thus produced box 1 and the pin 2 to be evaluated were engaged with each other. Next, 

the box 1 and the pin 2 were made up by a fastening machine while a predetermined intensity of torque was given in 
accordance with the experiment condition. The box 1 and the pin 2 were slid on each other while the thread portion 3 
and metal-metal sealing portion 4 were given a high surface pressure. After that, the box 1 and the pin 2 were turned 
in the opposite direction to that of making up, so that the box 1 and the pin 2 were broken out. After the completion of 

w breaking out, the thread portions 3 and metal-metal sealing portions 4 of the box 1 and pin 2 were observed, and the 
condition of peeling of the surface treatment coating and the occurrence of galling were investigated. 

As a result of investigation, when the coating was not peeled off and no galling occurred, or when the peeling and 
the galling were not so serious, the box 1 and the pin 2 were further engaged with each other and made up by the above 
fastening machine under the same condition. 

is In the manner described above, the joint to be evaluated was repeatedly made up and broken out until the coating 
peeled off and galling occurred. Investigation was made as to the maximum frequency of 20 times of making up and 
breaking out. In this connection, in the operation of making up and breaking out. the pin was turned at a rotational speed 
of 1 to 3 rpm with respect to the box. 

There was provided a box 1 made of steel according to API P1 10, the inner diameter of which was 5.5 inches. Also, 

20 there was provided a pin 2, the size of which corresponded to the above box. The box 1 and the front end of the pin 2 
were degreased in an aqueous degreasing agent and washed in water. Then they were cleaned in an aqueous solution 
of 12% HCI at the room temperature for 20 seconds and washed in water. Immediately after that, they were treated in 
the bath of manganese phosphate chemical formation of (9.5g/1 Mn 2+ -0. 1 5g/1 Ni 2+ -1 .0g/1 Fe 2+ -36g/1 P0 4 3 "-6. 1 g/1 N0 3 " 
-0.3g/1F) at 95°C for 10 minutes. Due to the above treatment, a manganese phosphate chemical formation processing 

25 layer was formed. 

There was provided a solid lubricant, the principal components of which were powder of molybdenum disulfide, the 
average particle diameter of which was 2.5 ^m, and epoxy resin, the average molecular weight of which was 4200, 
wherein the composition ratio was 1.3 (weight ratio). This solid lubricant was coated on the box 1 and the pin 2. Then 
they were subjected to heating and baking treatment at 180°C for 20 minutes, so that a solid lubricant coating layer was 
30 formed. 

That is, by the treatment of the present invention, a two layer type coating layer composed of the manganese phos- 
phate chemical formation coating layer of 18 urn thickness and the solid lubricant coating layer of 16.5 urn thickness 
was formed in the thread portions 3 and the metallic sealing portions 4 of the box 1 and the pin 2 to be evaluated. The 
thread portions 3 and the metallic sealing portions 4 of the box 1 and the pin 2 were coated with compound grease stip- 
35 ulated by API BU15A2 Sec2. While the sealing portion 4 was given a surface pressure of 3000 kg/cm 2 , the test of mak- 
ing up and breaking out was repeatedly conducted on the joint. 

After the above test was repeated 15 times, no galling and seizing occurred in the sealing portion, however, galling 
and seizing occurred in the sixteenth test. 

40 COMPARATIVE EXAMPLE 1 

There was provided a box 1 made of steel according to API P1 10, the inner diameter of which was 5.5 inches. Also, 
there was provided a pin 2, the size of which corresponded to the above box. The box 1 and the front end of the pin 2 
were degreased in an aqueous degreasing agent and washed in water. Then they were cleaned in an aqueous solution 
45 of 1 2% HCI at the room temperature for 20 seconds and washed in water. Then, in the thread portions 3 and the metallic 
sealing portions 4 of the box 1 and the pin 2, only a solid lubricant coating layer of 1 6.5 jim thickness was formed from 
the solid lubricant used in Example 1 . Comparative Example 1 was arranged in the above manner. 

The comparative joint was evaluated under the same condition as that of Example 2. As a result of evaluation, the 
solid lubricant coating layer was considerably peeled off in the seventh test, and galling and seizing occurred in the 
so eighth test. 

EXAMPLE 3 

A box 1 , the inner diameter of which was 7 inches, made of steel corresponding to N-80 was degreased in a solvent 
55 type degreasing agent and washed in water. Then it was subjected to the heating nitriding at 450°C for 30 minutes in 
the molten salt bath of (20%NaCN-15%KCN-17.5%NaCNO-17.5%KCNO-10%Na 2 CO 3 -20%K 2 CO3). After that, the 
box 1 was cooled in an oil bath. The box 1 which had been subjected to the nitriding in the above manner was 
degreased in a solvent and cleaned in an aqueous solution of 5%H 2 S0 4 at the room temperature for 5 seconds and 
then washed in water. After that, the box 1 was subjected to the pretreatment conducted in the bath of (titanium colloid- 
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for 15 minutes. By the above treatment a manaanese ff 3 9/lPO4 3 --5.7g/lNO 3 -0.6g/lP) at90»C 
was provkled a solid lubricant Cpr^cipaTc^n^^ M ' COatin9 layer was formed There 

5 particle diameter of which was 2 8 STSS £3Z t£ f""?* ° f mo,ybdenum dis ^e. the average 

composition ratio was 2.5 (weight rate)' ThissoUd Ir ^ ^ 6 *' 0f which was 185 - ^rein the 
and baking treatment at 200-C fforlo mimles £ t!??Z!^f* a ? ° n ^ b ° X 1 ' ^ * was Subjec,ed to bating 
ment of the present invention a inree ^2 * f° W ,UbnCant C ° at " 1g ' ayer WaS formed - That is. by the treat 

-^ph^^^ssj Xrs of th L ni i: idin9 iayer ° f 64 «•" thickness ' *• 

„ .mthi^wasformedin.ethreadpor^^ 

the sealing portion, however, Jfij « S^S-SKS*" - '' n ° ^ -*» «" ^ h 
»5 COMPARATIVE EXAMPLE 2 

vided in the thread portion 3«ff5I ft Tk C ° atin9 ° f1 4 Mm thickness were P'° 
provided a solid lubricant, the princiw^c^neSfS* V e .f me m6th0d 95 that of Exam P ,e 3 There was 
cle diameter of which was 2.8 ^ aS toZZTl ^?^,*' °' mo,ybdenum d ^«ide. the average partJ- 
position ratio was 0.15 (^^M^^iSj^ 9 "2?"* * WhiCh was 185 " wherein 
baking treatment at 200°C for 30 m ta£ 1 and " W3S •***»« to heatin 9 and 

comparative example was arr^gedTr! ISSJISS? ^ ° f 14 Mm was formed " ^ 

^Sn^^^ 

galhng and seizing occurred. TheSeTe 2 Twas sCpi W- * d * 8 ^ ' emarkab,e 
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ous d^i^ — -responding to T-90 was degreased in an apue- 

beadsfdiameter^CKJ.pr^ 

in the bath of (25%NaCN-10%KCN-25%NaCNC mm nr^r ™T?^£ 8 b ° X 1 W8S sub J ected to the heating nitriding 
it was cooled in an oil bath. The box ftS had been KE^ 10 ?* 50- * 57 °° C for 20 minutes " 

degreasing agent and cleaned in an -q^SSJJSS,^ T d89r8aS8d 80 aqueOUS 

washed. After that, the box 1 was subjected to the ^J,^V fj? ^l^*" tem P era,ure for 10 seconds and then 
pyrophosphate) of 0.5 g/l at •»^S2S£5 ^S^olSr^Se??^^ ° f <"■"»""•" co.loid-sodium 
nese phosphate chemical formation of SSEP-ES lo^^f? 63 "* in the 534,1 of "W- 
for 13 minutes. By the above treatment a n«nganes'e onLhSf 1 -f^ PO * -5-4g/1 NO 3 -0.8g/1 F) at 85»C 
was provided a solid lubricant the qSm^S^S^ I ^ COatin9 ,ayer was formed There 

particfediameter of which ^M^^JSSS^S!^ "T**, * mo,ybdenuni disul «de. the average 
the composition ratio was 0.8 (weight atio) ThSd LSJ? 3Wa9e ™ lecular "^9* of which was 20000. wherein 
ing and baking treatment at ^^^'^SS^X^^^^ ^ 1 Then rt was sub i«** to heat- 
treatment of the present invention a three ZelZeVSLl ,ubr,can » coatin 9 w ^ ^med. That is. by the 
the manganese phosphate chemical ZwZc^n^ ^* C °T >Seci of 4,16 nitridin 9 °f 10 ^m thickness. 
18.5 ^m thickness was toiSEXS^ "? 4,16 so,id ,ubricant ««*0 'ayer oi 

While the sealing portion 4 was given a Sfa« nS?J2 2?S5 ! f I POrt, ° n 4 01 1,16 box 1 to be ^aluated. 
was repeatedly conducted on the^oim Me" X5K Si? SIStSi ^ ° f ^ " P a " d breaWn 9 olrt 
the seating portion, however, galling and seizing' S^ZS^IST "° ^ ^ h 

COMPARATIVE EXAMPLE 3 
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jected to heating and baking treatment at 200°C for 30 minutes, so that a solid lubricant coating layer of 18.5 urn thick- 
ness was formed. The comparative example was arranged in the above manner. 

In the same manner as Example 4, the joint of Comparative Example 3 was repeatedly made up and broken out 
for the test. As a result of the test, the solid lubricant coating layer was remarkably peeled off, so that the evaluation test 
5 was stopped at the seventh test. 

EXAMPLE 5 

A box 1 , the inner diameter of which was 7 inches, made of alloy steel of 9%Cr-1%Mo, was degreased in an aque- 

w ous degr easing agent. After that, the box 1 was subjected to the pretreatment of blasting with glass beads (diameter: 
#100, pressure 5 kgf/cm 2 , period; 90 seconds). Then the box 1 was subjected to the heating nitriding in the bath of 
(25%NaCN-10%KCN-20 o /oNaCNO-15%KCNO-20%Na 2 CO3-10%K2CO3) at 580°C for 15 minutes. Then it was cooled 
in an oil bath. The box 1 that had been subjected to the nitriding treatment was degreased in an aqueous degreasing 
agent and cleaned in an aqueous solution of 10%H 2 SO 4 at the room temperature for 5 seconds. After that, the box 1 

is was subjected to the pretreatment conducted in the pretreatment bath of (manganese colloid-sodium pyrophosphate) 
of 0.5 g/l at the room temperature for 2 minutes. Then, the box 1 was treated in the bath of manganese phosphate 
chemical formation of (9g/1 Mn 2+ -0.2g/1 Ni 2+ -0.6g/1 Fe 2+ -33.5g/1 PO^-S^g/l NO 3 -0.6g/1 F) at 88°C for 1 0 minutes. By 
the above treatment, a manganese phosphate chemical formation coating layer was formed. Next, the box 1 was pre- 
liminarily heated at 1 75°C for 1 5 minutes. There was provided a solid lubricant, the principal components of which were 

20 powder of molybdenum disulfide, the average particle diameter of which was 3.0 jim, and polyamide resin, the average 
molecular weight of which was 20000, wherein the composition ratio was 1.0 (weight ratio). This solid lubricant was 
coated on the box 1 . Then it was subjected to heating and baking treatment at 240°C for 30 minutes, so that a solid 
lubricant coating layer was formed. That is, by the treatment of the present invention, a three layer type coating layer 
composed of the nitriding layer of 1 1 .5 ^m thickness, the manganese phosphate chemical formation coating layer of 

25 13.5 ^im thickness and the solid lubricant coating layer of 20 |im thickness was formed in the thread portion 3 and the 
metallic sealing portion 4 of the box 1 to be evaluated. 

The joint to be evaluated was tested as follows. Under the condition that no compound grease was coated on the 
thread portions 3 and the metallic sealing portions 4 of the pin 2 and the box 1, the joint was repeatedly made up and 
broken out while the seal portion 4 was given a surface pressure of 3500 kg/cm 2 . After the joint had been made up and 

30 broken out by 1 2 times, peeling of the coating layer was relatively small, and no galling and seizing occurred in the seal- 
ing portion. However, at the thirteenth test, considerable galling and seizing occurred. 

COMPARATIVE EXAMPLE 4 

35 A box 1 , the inner diameter of which was 7 inches, made of alloy steel of 9%Cr-1%Mo was degreased in an aque- 
ous degreasing agent, and then shot blasting was conducted as pretreatment on the inner surface of the box 1 so that 
the maximum surface roughness was adjusted to 25 urn. Next, the box 1 was preliminarily heated at 1 75°C for 1 5 min- 
utes. After that, a solid lubricant coating layer of 20 urn thickness was formed under the same condition as that of Exam- 
ple 5. Comparative Example 4 was arranged in the above manner. 

40 In the same manner as Example 5, the joint of Comparative Example was repeatedly made up and broken out for 
the test. As a result, galling and seizing occurred remarkably in the fourth test, so that the evaluation test was stopped. 

EXAMPLE 6 

45 A box 1 , the inner diameter of which gas 7 inches, made of steel corresponding to L-80 was degreased in an aque- 
ous solution type degreasing agent and washed in water. Then the box 1 was cleaned in an aqueous solution of 
10%H 2 SO 4 at 50°C for 10 seconds and then washed in water. After that, the box 1 was subjected to the pretreatment 
conducted in the pretreatment bath of (titanium colloid-sodium pyrophosphate) of 0.5 g/l at the room temperature for 1 
minute. Then, the box 1 was treated in the bath of manganese phosphate chemical formation of (9.5g/1Mn 2+ - 

50 0.15g/1Ni 2+ -0.9g/1Fe 2+ -36g/1PO 4 3 --6.1g/1NO 3 -0.5g/1P) at 95°C for 10 minutes. By the above treatment, a manga- 
nese phosphate chemical formation coating layer was formed. There was provided a solid lubricant, the principal com- 
ponents of which were powder of molybdenum disulfide, the average particle diameter of which was 4.0 jim and 1 .0 urn, 
and polyamide resin, the average molecular weight of which was 16000, wherein the composition ratio was 1 .1 (weight 
ratio). This solid lubricant was coated on the box 1 and it was subjected to heating and baking treatment at 260°C for 

55 25 minutes, so that a solid lubricant coating layer was formed. That is, by the treatment of the present invention, a two 
layer type coating layer composed of the manganese phosphate chemical formation coating layer of 15 urn thickness 
and the solid lubricant coating layer of 15 urn thickness was formed in the thread portion 3 and the metallic sealing por- 
tion 4 of the box 1 to be evaluated. 

In the same manner as that of Example 3, the joint portion was tested in such a manner that it was repeatedly made 
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nJS^s- ; h r^ s™c?rr^ s made ° f s r corresp ° nding to L - 8o > a 

metallic sealing portion 4 of the box notion ?i ^ ^ thickness was provided in the thread portion 3 and the 

lubricant, the i^Sn^, "JE^ TJ ' !!™ ^ * that of Exam P'* * ™ere was provided a solid 

EXAMPLE 7 

by the treatment of the present . a aveZe * C ° ating ' ayer W8S formed - ™* * 

ical formation coating layer of 16 ZTthfctoS anTthT!^ f ►? ^ ^P 08 ^ 01 the manganese phosphate chem- 
"e^dpor^and^^ 

up^orr^r^ 

tion. that is. very good resurts J werelchJve^ Tntelest " "* ^ ^ in the sea,in 9 *>" 

35 COMPARATIVE EXAMPLE 6 

blasting for pretreaJment. anX'suS ro^ghnes^ Z ^^iT'l*'™** °T ' "~ to Shot 

40 same method as that of E«mr>io t l l rougnness i was ^Justed to the maximum surface roughness of 35 urn. By the 

was 16 S?U£S2 ^Ve^^T^^lT^T formati0n ^ ,ayer ' the * ^h 

was arranged in the abcJnWnner 6 meta "' C Sea " n9 P ° rt ° n 4 ° f 1,16 tox 1 • Comparative Example 

out for Z t^ ^JuroS ^T- ^ ^"S 6 W3S r6Peat6d,y * and 

<s test was stopped. cons.derable galling and seizing occurred at the ninth test, so that the evaluation 
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ous^nTyp^ 

12.5 % H 2 S0 4 at the room texture for ^ndVS TiSS^^JZS I Z ° f 
a pretreatment conducted in a pretreatment bam of «^ f that ' the box 1 was sub J'ected to 

temperature for 30 secon* lEen , tnTbTx ^1 wT t?f ^ Pyrophosphate) of 0.3 g/l at the room 
(8g/1Mn2^.i5g/ 1N i2'o^lFe2": 2 9 so^po^ £?5> -n%^ « manganese phosphate chemical formation of 
ment^mangaTesephospha^heSc^f^ * *• treat- 

at 180°Cfor 15 minutes. There was Drovided a solid hZEZl T . ' 1 was Preliminarily heated 
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270°C for 20 minutes, so that a solid lubricant coating layer was formed. That is, by the treatment of the present inven- 
tion, a two layer type coating layer composed of the manganese phosphate chemical formation coating layer of 1 0.5 ^m 
thickness and the solid lubricant coating layer of 28.5 um thickness was formed in the thread portion 3 and the metallic 
sealing portion 4 of the box 1 to be evaluated. 
5 By the same method as that of Example 5, under the condition that no compound grease was coated on the thread 

portions 3 and the metallic sealing portions 4 of the pin 2 and the box 1 , the joint was repeatedly made up and broken 
out while the seal portion 4 was given a surface pressure of 4000 kg/cm 2 . After the joint had been made up and broken 
out by 13 times, galling and seizing seldom occurred in the sealing portion. However, at the fourteenth test, considera- 
ble galling and seizing occurred. 

10 

COMPARATIVE EXAMPLE 7 

A manganese phosphate chemical formation coating layer of 10.5 thickness was formed by the same method 
as that of Example 8 in the thread portion 3 and the metallic sealing portion 4 of a box 1, the inner diameter of which 
is was 7 inches, made of steel corresponding to L-80. Comparative Example was arranged in the above manner. 

By the same method as that of Example 8, under the condition that no compound grease was coated on the thread 
portions 3 and the metallic sealing portions 4, the joint was repeatedly made up and broken out while the seal portion 
4 was given a surface pressure of 4000 kg/cm 2 . After the joint had been made up and broken out 3 times, considerable 
galling and seizing occurred. Therefore, the evaluation test was stopped. 

20 

EXAMPLE 9 

A nitriding layer and a manganese phosphate chemical formation coating layer were formed by the same method 
and treatment condition as those of Example 5 on a box 1 , the inner diameter of which was 7 inches, made of steel cor- 

25 responding to T-90. Next, the box 1 was preliminarily heated at 160°C for 20 minutes. There was provided a solid lubri- 
cant, the principal components of which were powder of molybdenum disulfide of which the average particle diameter 
was 3.5 um and powder of Cu of which the average particle diameter was 0.8 um and powder of Zn of which the aver- 
age particle diameter was 5.0 um and polyamide resin of which the average molecular weight was 18000, wherein the 
composition ratio was 1.2 (weight ratio). This solid lubricant was coated on the box 1. Then it was subjected to heating 

30 treatment at 250°C for 25 minutes, so that a solid lubricant coating layer was formed. 

That is, by the treatment of the present invention, a three layer type coating layer composed of the nitriding layer of 
11 .5 um thickness and the manganese phosphate chemical formation coating layer of 13.5 um thickness and the solid 
lubricant coating layer of 18.5 um thickness was formed in the thread portion 3 and the metallic sealing portion 4 of the 
box 1 to be evaluated. 

35 By the same method as that of Example 3, the joint was repeatedly made up and broken out for the test. After the 
joint had been made up and broken out 20 times, galling and seizing seldom occurred in the sealing portion, that is, 
very good results were achieved. 

COMPARATIVE EXAMPLE 8 

40 

A nitriding layer and a manganese phosphate chemical formation coating layer were formed by the same method 
as that of Example 5 in the thread portion 3 and the metallic sealing portion 4 of a box 1, the inner diameter of which 
was 7 inches, made of steel corresponding to T-90. The comparative Example was arranged in the above manner. That 
is, in the same manner as that of Examples 5 and 9, on the box 1 , there were provided a nitriding layer of 1 1 .5 thick- 
45 ness and a manganese phosphate chemical formation layer of 13.5 um thickness, and the thus provided comparative 
example was evaluated. 

By the same method as that of Example 9. under the condition that compound grease was coated, the joint of the 
comparative example was repeatedly made up and broken out while the sealing portion 4 was given a surface pressure 
of 4000 kg/cm 2 . After the joint had been made up and broken out 10 times, remarkable galling and seizing occurred. 

so Therefore, the evaluation test was stopped. 

As described above, the joint of steel pipe of the present invention is composed of a compound coating layer includ- 
ing: a manganese phosphate chemical formation layer, or a surface preparation nitriding layer and a manganese phos- 
phate chemical formation layer; and a solid lubricant coating layer. The coating layer of the thus composed joint is 
excellent in the adhesive property, mechanical strength and lubricating property. Accordingly, even when the frequency 

55 of repetition of making up and breaking out increases, galling and seizing of the coating layer seldom occur. That is, the 
joint of steel pipe of the present invention is excellent in galling resistance. 
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15 



portion of the steel pipe end)Ton The threS oorti™ Con f ™"9 *e box Goint member) 1 and the pin (joint 

thread portions 3 and the mitalCa, sea S" of bl^eCl" anS T°" * * 0nly ^ te 1 ' ° r °" the 
a surface preparation layer of iron plating or iron atow nS«S To P 2 ' *** were provided a nitridin 9 "ayer. 

and a solid lubricant coding layer S ac^inTtn E 2? man ?anese phosphate chemical formation coating layer 
eva-uationte^ 

on the JO ,nt peeled off or galling occurred. The frequency ofTeSoTSsIs ^h! Z OUt ^ C ° atin9 

abon. In this connection, in the evaluation test when the S^™!^, ,h * max,mum so as »° make an evalu- 
turned with respect to the coupling at the roSna J? £ rpm " " P "** ^ ^ 1,16 pin 
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A box 1, the inner diameter of which was 5.5 inches, made of the tested steel A, and a front end portion of the pin 
2, the size of which corresponded to the box 1 , were degreased in a solvent type degreasing agent. After that, the box 
1 and the pin 2 were subjected to the heating nitriding treatment in a bath of molten salt of (20%NaCN-15%KCN- 
17.5%NaCNO-17.5%KCNO-10%Na 2 CO3-20%K 2 CO 3 ) at 450°C for 30 minutes. Then, they were cooled in an oil bath. 
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10 



15 



20 



and rrr;:::^ *■ «~ — in . solvent 

the box 1 and the pTn 2 wer °s^« to ^ZJTSKlP < L M00n < ,B and washed in water A ^ that, 
sodium pyrophosphate) of 0.8 g/l a the loom tLSSSS 2 « *" r*"" bath ° f (titenium col,oid - 
nese phosphate chemical formation of (8.7g/l 3 -S c S,?^ freated in the batn of ""noa- 
for 10 minutes. By the above treatment a manganese at 9000 

There was provided a solid luhrira^t fh«T ? ph0sphate chem,cal 'ormaton coating layer was formed, 
average Partide^** tfw^^ 

wherein the composition ratio was iTJSK^E!^ * e avera 9 e ™'«*"ar weight of which was 4200. 

was subjected to heating and baking , £21! ( at w C pn T ^ ° n the ** 1 and tne «*» 2 an ° * 
formed. M 9 Ireatment at 180 C for 20 mmutes. so that a solid lubricant coating layer was 

cant coating layer of 16.5 £n thickness wL Tl^^^T w ^' n9 ^ ° f 13 fim tnickness and *e solid lubri- 
box 1 and the pin 2 to be JZJ^Z 5 Satiated ^t^al IZl^T ^ 4 " 

grease corresponding to API BU15A2 Sect2 was coated n7*h^fl as 4 fo,,0ws - Under * e con °'«°n that compound 
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35 



and the pin 2 were subjected to grSias^g a^^^c?™ ^ meta " iC Sea ' in9 4 of the «« 1 

completion of grit blasting, the thread portons 3 a^d 3^ « V 9 « SS WaS adjUSt6d to be 35 Aft * the 
washed in water. After that they were aSSii . 9 P ° rt0ns 4 01 ^ e box 1 and the pin 2 were 

.old-sodium P/roPhospha^^ * a pretreatment bath of (tiSnium £ 

of (8.7g/1Mn^.2g/lNi2*-o.6g/1Fe2+-32 3 J"po ^^'"^^^^^Pnosphatechemi^ formation 

However, the manganese ^hosohate ^InSii? 3 "°- 69/1F " ) at 9000 for 10 minute s. 

Comparative Exampfo. " h,e Te^^^T^^! 08 ^ ,a ^. was -*» *>™ed on the members of 
the evaluation test, remarkable galling and ^ of E * am P»* 10. As a result of 

stopped. y se,z,ng °° curr ^ ^ the second test. Therefore, the evaluation test was 
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*nCpX£s^ 

onds. After the box 1 had been washed in Z TJLl *J J? 10 ^ HNO 3 + 1%HF) at room temperature for 30 sec- 
42g/1 FeCI 2 • 4H 2 0 - 20a/NH?CI^^ Jl«f ' 8 d,PPed " the ^oP'ating bath of (250g/1 FeSO* • 7h!o- 

water, the box 1 was treated in me tSn JSSXT 2£L I T^fH "* *° X 1 had been «■"»« in 
1.0g/1Fe2--36g/1PO^.6.1g/1NO3^.3g/1P)Tt9l°c^ 

chemical formation coating tayer was formed «£l 1?,™^, ^.J* above ^atment. a manganese phosphate 
were powder of molybdenum ^JS^^^^SS^ If"**"* *" P*"* - com P°™is of whicb 
molecular weight of which was 185 wherein Sr^*l ^ ° " h ,' Ch was 2 8 » m - and fura " the average 
on the box 1 and was subjected to Sng ana ZZ g T^Z 7^cZT ^ ^ " id "~ ^ 

•ng layer was formed. That is. by the treatment ranl Z^Z J? fo 30 m,nutes ' 50 that a solid lubricant coat- 
the iron p,a«ng layer of 1 .5 l^^^^Z^^T^ " ^TJT *" ^ ' ayer COmbosed °< 
ness and the solid lubricant coating layer TsZS^s^S^^^^ COatin9 ,ayer oM 8 thick- 
portion 4 of the box 1 . pm ,n,ckness w 33 *»med in the thread portion 3 and the metallic sealing 

the test. Until the eleventh test wts^p.e eToaS^T^ « J P °,w ° n W3S repeated,y made "P and broken out for 
the twelfth test, considerable gaZg^e^oSS " the Seali " 9 portion - « 
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COMPARATIVE EXAMPLE 10 

A box 1 , the inner diameter of which was 7 inches, made of the tested steel C was subjected to the same pretreat- 
ment as that of Example 1 1 . After that, the iron plating layer of 1 .5 urn thickness and the manganese phosphate chem- 
5 ical formation layer of 18 urn thickness were formed under the same condition. Further, the same solid lubricant as that 
of Example 2 was coated on the box 1 . Then the box 1 was subjected to the heating and baking treatment at 200°C for 
30 minutes. In this way, the solid lubricant coating layer of 5 urn thickness, the composition of which was the same as 
that of Example 1 1 , was formed in the comparative example. 

The thus provided joint of the comparative example was evaluated in the same evaluation test as that of Example 
10 1 1 . As a result of the evaluation test, galling and seizing occurred remarkably at the eighth test. Therefore, the evalua- 
tion test was stopped. 

EXAMPLE 12 

15 A coupling (box) 1 , the inner diameter of which was 7 inches, made of the tested steel B was degreased in an aque- 
ous degreasing agent. After that, the box 1 was subjected to the pretreatment of blasting with glass beads (diameter: 
#100, pressure: 5 kgf/cm 2 , period: 60 seconds). Then the box 1 was subjected to the heating nitriding in the bath of 
(25%NaCN-10%KCN-25%NaCNO-10%KCNO-20%Na 2 CO3-10%K 2 CO3) at 570°C for 20 minutes. Then it was cooled 
in an oil bath. The box 1 that had been subjected to the nitriding treatment was degreased in an aqueous degreasing 

20 agent and cleaned in an aqueous solution of 10%H 2 SO 4 at the room temperature for 10 seconds and then washed in 
water. After that, the box 1 was subjected to the pretreatment conducted in the bath of (manganese colloid-sodium pyro- 
phosphate) of 0.5 g/l at room temperature for 20 seconds. Then, the box 1 was treated in the bath of manganese phos- 
phate chemical formation of (8g/1 Mn 2+ -0.3g/1 Ni 2+ -0.2g/1 Fe 2+ -29.5g/1 P0 4 3 '-5.4g/1 NO 3 -0.3g/1 P) at 85°C for 13 
minutes. By the above treatment, a manganese phosphate chemical formation coating layer was formed. There was 

25 provided a solid lubricant, the principal components of which were powder of molybdenum disulfide, the average parti- 
cle diameter of which was 3.0 urn, and polyamide resin, the average molecular weight of which was 20000, wherein the 
composition ratio was 0.8 (weight ratio). This solid lubricant was coated on the box 1 . Then it was subjected to heating 
and baking treatment at 250°C for 30 minutes, and a solid lubricant coating layer was formed. That is, by the treatment 
of the present invention, a three layer type coating layer composed of the nitriding layer of 10 urn thickness, the man- 

30 ganese phosphate chemical formation coating layer of 12 jim thickness and the solid lubricant coating layer of 15 ^im 
thickness was formed in the thread portion 3 and the metallic sealing portion 4 of the box 1 to be evaluated. 

In the same manner as that of Example 1 1, the joint portion was repeatedly made up and broken out for the test. 
Until the thirteenth test was completed, galling and seizing seldom occurred in the joint. However, at the fourteenth test, 
considerable galling and seizing occurred. 

35 

COMPARATIVE EXAMPLE 1 1 

Concerning a box 1 , the inner diameter of which was 7 inches, made of the tested steel B, the nitriding layer of 10 
lim thickness and the manganese phosphate chemical formation coating layer of 12 ^m thickness were provided in the 

40 thread portion 3 and the metallic sealing portion 4 of the box portion 1 by the same method as that of Example 12. 
There was provided a solid lubricant, the principal components of which were powder of molybdenum disulfide, the 
average particle diameter of which was 3.0 um, and polyamide resin, the average molecular weight of which was 20000, 
wherein the Composition ratio was 9.5 (weight ratio). This solid lubricant was coated on the box 1. Then it was sub- 
jected to heating and baking treatment at 200°C for 30 minutes, and a solid lubricant coating layer of 15 ^m thickness 

45 was formed. The comparative example was arranged in the above manner. In the same manner as that of Example 1 1 , 
the joint of Comparative Example was repeatedly made up and broken out for the test. As a result of the test, the solid 
lubricant coating layer was remarkably peeled off, so that the evaluation test was stopped at the sixth test. 

EXAMPLE 13 

50 

A box 1 , the inner diameter of which was 7 inches, made of the tested steel B was degreased in an aqueous 
degreasing agent and cleaned in an aqueous solution of (10%HNO 3 + 1%HF) at the room temperature for 45 seconds. 
After the box 1 had been washed in acid, it was dipped in the electroplating bath of (330g/1 FeS0 4 • 7H 2 0 - 
10g/1NiCI 2 -6H 2 0 - 1 0g/1 CoCI 2 • 6H 2 0 - 20g/NH 4 CI) and electrolysis was conducted for 130 seconds by the electric 
55 current density of 7.5 A/dm 2 . In this way, the Fe-1%Ni-1%Co alloy plating layer was formed. Next, the box 1 was washed 
in water and cleaned in the acid of 10%H 2 SO 4 and washed in water. Immediately, the box 1 was treated in the bath of 
manganese phosphate chemical formation of (8g/1Mn 2+ -0.3g/1 Ni 2+ -0.7g/1Fe 2+ -29.5g/1PO 4 3 ~-5.4g/1 NO 3 ~-0.5g/1 P) at 
92°C for 15 minutes. By the above treatment, a manganese phosphate chemical formation coating layer was formed. 
There was provided a solid lubricant, the principal components of which were powder of molybdenum disulfide, the 
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to heating and baking treatment at SbSSSESJ? and a ^Tk^ T" °" ,he b ° X 1 ^ » — Ejected 
treatment of the present invention, a three , Ly erZe^Snt J2f ,ubr,ca 1 coat,n 9 *yer was formed. That is. by the 
i%Ni - 1%Co of 2.5 urn thickness, a n*^eTo^?£Z%^ " " ^ P,ati " 9 ,ayer of Fe " ««* - 
a , mm I lubricant coating layer of 12 M m iSSSit JSSTT T'" 9 ,ayer ° f 17 " m thickness «d 

of the box 1 to be evaluated. 6(1 " the 1hread P° rt,on 3 and the metallic sealing portion 4 

uJT^ZTZS^ E ^ 8 T at * ,y * and *— « * - test. 

erable galling and seizing occurred. 9 ° CCUrred " thejo,nt - Howe ver. at the thirteenth test, consid- 

COMPARATIVE EXAMPLE 12 

ness were provided in the thread portion 3 aidT mSt « T formati0n coatin 9 ° f 1 7 nm thick- 

as that of Exampie 12. There ^EKlSElSSS SSSS 4 * ^ te p0rti0n 1 *» tha ^method 
denumdisulfide. the average particle diameter iSSS^3? 1 ^SS^ l T n,, ■ 0, WhiCh Were P0Wder of »"*»- 
of which was 18000. wherein the composition ra^^llLZ^S^^T^^ 36 mote cular weight 
1. Then rt was subjected to heating and baking treatment a t»£ for TrLSl was coated on the box 
of 12 w m th,ckness was formed. The comparative Zriff. « ^ 80 ^ a ^ ,ubricant coating layer 

that of Example 1 1 . me joint of ComrSaTe 52S2£ ZZ£S 9 w * manner ,n the manner as 
of the test, the lubricating performance It SrSS ^ " P ^ ^ ° ut for *• test - A * ■ result 
bfe ga,ng and seizing occurred in the fifth i^l^SSSSZZ S£* "* TOrt * 

EXAMPLE 14 

^ 1 *"* been wa shed in acid it was dfooed Mn £i J 5 °, 3 r °° m ^^e for 60 seconds. 

A/dm 2 In th.s way. the alloy plating layer of Fe - Ni theM I k 1 at an electric currerrt density of 15 

was washed in water and cleanedTn an acfo of 3% S?J?5* T", 8 " 8 ^ W3S provided Next - *e box 1 

treated in the bath of manganese Dhosohat* rtl^^Z 4 water lm mediately after that, the box 1 was 

^ ? 1NO3--0.5g/ir^ 

coating layer was formed. There was provided a soHdlZS tZtn ma ? 9anese chemical formation 

molybdenum disulfide, the average partcie dEneteTS wWch^ls 4 0 ^ !° mp0nents <* which we re powder of 
age particle diameter of which was 1 .0 M m mZESZSZ "rJ£ 1 T" ^ °\ °' """J****" disulfide, the aver- 
wherein the composition ratio was 1.1 (wefaht ratioT^^f.1 V"* 9 * m ° ,ecu,ar wei 9 ht of was 16000 
to heating and baking treatment at 2B^^^Z£XZS!T- ^ ? ^ *" 1 ^ " W3S 
the treatment of the present invention, a threeVayer £5 SSSlSr '^.cant coating layer was formed. That is. by 
3.0 M m thickness, a manganese Pho^ZSSSZZ JZ^T*?* ? an a "° y P ' atin9 01 Fe - Ni * 
coating layer of 1 6 M m thickness was formed in S ^Tal!! 5 , thickness and a «« '^ricant 
evaluated. e mreaa P 0 ™ 00 3 and the metallic sealing portion 4 of the box 1 to be 

Until the thirteemnTest wa?co^teteS a ^lJir!; »^° in ' re P eated »y niade up and broken out for the test 

siderable galling and seizing oSnS' S&Zm9 in the *«■ How eve, at the fourteenth test cot 

COMPARATIVE EXAMPLE 13 

4 by the same method as that of Example 13 iK 7hf ^ 6 thread P 01 "* 10 " 3 and ^ m etallic sealing portion 

P'e 1 4, and the same treatment Z££ ^ thesoS S2T I" S0,id ,Ubricant as *- 
comparative example was formed * 6 S °" d lubr,carrt oortn 0 la yer of 16 jrni thickness of the 

manX^r^^^^ 

c a u S edbytheabrasi 0 na.,oca,pee,ingof^^^^^ 
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EXAMPLE 15 

A box 1 , the inner diameter of which was 7 inches, made of the tested steel A, was degreased in an aqueous 
degreasing agent. Then the box 1 was subjected to heating nitriding in a bath of molten salt of (15%NaCN-20%KCN- 

s 1 5%NaCNO-1 0%KCNO-20%Na 2 CO 3 -1 0%K 2 CO 3 ) at 590°C for 10 minutes. Then it was cooled in an oil bath. The box 
1 that had been subjected to the nitriding treatment was degreased in an aqueous degreasing agent and cleaned in an 
aqueous solution of 5%H 2 S0 4 at room temperature for 1 second. Then, the box 1 was treated in the bath of manganese 
phosphate chemical formation of (9.5g/1 Mn 2+ -0. 1 5g/1 Ni 2+ -0.4g/1 Fe 2+ -36g/1 P0 4 3 -6. 1 g/1 NO 3 -0.3g/1 F) at 90°C for 20 
minutes. By the above treatment, a manganese phosphate chemical formation coating layer was formed on the nitriding 

10 layer. Next, the box 1 was preliminarily heated at 180°C for 15 minutes. There was provided a solid lubricant, the prin- 
cipal components of which were powder of molybdenum disulfide, the average particle diameter of which was 4.3 ^m, 
powder of copper, the average particle diameter of which was 1.0 urn, and polyamide resin, the average molecular 
weight of which was 20000, wherein the composition ratio was 1 .0 (weight ratio). This solid lubricant was coated on the 
box 1 . Then it was subjected to heating and baking treatment at 270°C for 20 minutes, so that a solid lubricant coating 

is layer was formed. That is, by the treatment of the present invention, a three layer type coating layer composed of the 
nitriding layer of 7.5 ^m thickness, the manganese phosphate chemical formation coating layer of 16 urn thickness and 
the solid lubricant coating layer of 15 ^m thickness was formed in the thread portion 3 and the metallic sealing portion 
4 of the coupling 1 to be evaluated. 

In the same manner as that of Example 1 1, the joint portion was repeatedly made up and broken out for the test. 

20 After the test had been repeated by 15 times, galling and seizing seldom occurred in the sealing portion, that is, good 
results were achieved. 

COMPARATIVE EXAMPLE 14 

25 Concerning a box 1 made of the tested steel A, the inner diameter of which was 7 inches, nitriding layers of 7.5 
thickness were formed on the thread portion 3 and the metallic sealing portion 4 by the same method as that of Exam- 
ple 15. Next, the surfaces were degreased by an aqueous solution type degreasing agent and washed in water. Then 
the surfaces were coated with the same solid lubricant as that of Example 15, and the same treatment was conducted. 
In this way, the solid lubricant coating layer of the comparative example was formed. 

30 The thus obtained joint of the comparative example was repeatedly made up and broken out for the test in the same 
manner as that of Example 1 1 . As a result, at the eighth repetition test, the solid lubricant coating layer was remarkably 
worn away and locally peeled off. Therefore, the evaluation test was stopped. 

EXAMPLE 16 

35 

A box 1 , the inner diameter of which was 7 inches, made of the tested steel B was degreased in a solvent type 
degreasing agent and cleaned in an aqueous solution of (10%HNO 3 + 1%HF) at room temperature for 60 seconds. 
Then the box 1 was washed in water. It was dipped in the electroplating bath of (330g/1 FeS0 4 • 7H 2 0 - 
12g/1CoCI 2 •6H 2 0 -15g/1H 3 B03) and electrolysis was conducted for 40 seconds at an electric current density of 20 

40 A/dm 2 . In this way, the alloy plating layer of Fe - 1.2%Co was provided. Next, the box 1 was washed in water and 
cleaned in the acid of 5%H 2 S0 4 for 1 0 seconds and then washed in water. 

After that, the box 1 was subjected to a pretreatment conducted in a pretreatment bath of (manganese colloid- 
sodium pyrophosphate) of the concentration of 0.3 g/l at room temperature for 1 minute. Then, the box 1 was treated in 
a bath of manganese phosphate chemical formation of (9.5g/1Mn 2+ -0.15g/1Ni 2+ -0.9g/1 Fe 2+ -36g/1P0 4 3 "-6.1g/1N0 3 - 

45 l.0g/1 P) at 90°C for 12.5 minutes. By the above treatment, a manganese phosphate chemical formation coating layer 
was formed. Next, the box 1 was preliminarily heated at 160°C for 20 minutes. There was provided a solid lubricant, the 
principal components of which were powder of molybdenum disulfide of which the average particle diameter was 3.5 
jim, powder of Cu of which the average particle diameter was 0.8 urn, powder of Zn of which the average particle diam- 
eter was 5.0 jim and polyamide resin of which the average molecular weight was 18000, wherein the composition ratio 

so was 1 .2 (weight ratio). This solid lubricant was coated on the box 1 and it was subjected to heating treatment at 250°C 
for 25 minutes, so that a solid lubricant coating layer was formed. 

That is, by the treatment of the present invention, a three layer type coating layer composed of the Fe-1 .2%Co alloy 
layer of 2.0 urn thickness, the manganese phosphate chemical formation coating layer of 10 urn thickness and the solid 
lubricant coating layer of 21 jim thickness was formed in the thread portion 3 and the metallic sealing portion 4 of the 

55 box 1 to be evaluated. 

In the same manner as that of Example 1 1, the joint portion was tested in such a manner that it was repeatedly 
made up and broken out. After the test had been repeated 15 times, galling and seizing seldom occurred in the sealing 
portion, that is, very good results were achieved in the test. 
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COMPARATIVE EXAMPLE 15 
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s -100g/1CoCI 2 • 6H ? 0 VoSiH eST St. i t ' d ' Pped in the elec *°P'ating bath of (150g/1FeSO 4 • 7H p O 

w. m this jjs, sssss Mjsssrjr. oon ?s d for 40 seconds at an e,ecw ° ^ 

manganese phosphate S^iSS^^St^^^ T * m * h0d 38 ^ ° f Example ^ *• 
parage example was arranged as described aS * Ub " Cant C ° at " 19 ' 3yer Were formed - 106 

* Pa^r^eTe^e^ 

Phate chemical formation coating layer a ^ 1 soS ° f 2 ° f" thiCkness ' a uniform ^nganese phos- 
composition as that of Example ?6 11,19 ,ayer ° f 21 ^ thickness «*"P°sed in the same 

'5 the evaluation test was stopped P ^ 1he C ° at " 19 ,ayer was rem arkably peeled off. Therefore. 

EXAMPLE 17 

- -CVegTi^ 

(20%NaCNO5%KcS-lWN^^^ " the bath of 

cooled in an oil bath. The box 1 that had beer TsubS^S t«th ^1 3> * 450 ° for 30 minutes " ^ " was 
deceasing agent and cleaned in an aqueou^ so^of ^sS^'Z^f d69reaSed h 3 S0,verrt 
washed in water. After that, the box 1 waTsub.ec^tn th^^tf ^ °° m temperature for 5 ^conds and then 

* sodiumpyr(*hosphate)of0.8^ 

ganese phosphate chemical formation of ,8 7a/lM^nT n ^ 

90°C for 15 minutes. By the abovTSmen^ at 
There was provided a solid lubricant the pr ^ncio^Smo™^ ? chemical formaton coating layer was formed, 
average particle diameter of whiXwa?2 8 ?.m I^°T P u W6re of ""W^enum disulfide, the 

whereinthecom P osition r afc™a^ m ° ,ecu,ar wei 9 ht of vras 185 

bating and baLgtrea^ 

treatment of the present invention a three laver w7,!J™ . ,ubr,cant c °atng layer was formed. That is. by the 
the manganese phosphate cZfoa, IZZZSZ^SZ °' ^J*™" 9 of 6 4 «*U 

14 jxm thickness was formed in the threes™ 3 Z Z« J ^ ' Ubricant coatin 9 laver of 

Wh«e the sealing portion was gS EE preS* o^o SS t " b0 " 1 to b * -*"»■* 
and broken out for the test. Until the fifteenThTest waTcomote^ 2? ° ffi ™ e ,0,nt ^ was ^^tedly made up 
portion. However, at the twentieth test. galSg id Sin^uSd 9 Se ' 2,nS B * hm 0 ° eu ™ d h ^ Sea,in 9 

COMPARATIVE EXAMPLE 16 



30 



35 



.ayer^Sh^ 

vided in me thread portion 3 and tnTmefoir s S^ 

Pie 1 7. There was provided a solStubricam VTS^T 1 by the method as <* Exam- 

the average particle diamlte. of wn£ TsfzZ^T^ *** 01 ™'**enum disuse, 

wherein the composition ratio *as 0 VsZeiah, Zm^Z^I T™ 9 * m ° ,eCU,ar ^ of which w «s 185. 
jected to heating and baking trea^en t *55?£ S' ♦ "u" 03 "* W3S COated °" box 1 . Then it was sub- 
was hed. ^ 

^forTe'^ 

~e galling and seeing occurT af.e 



EXAMPLE 18 



55 



glass beads (diameter: #100 pressure 5 kSZ} iTj^^ 1 s " b l eaea <» *• pretrealmem aaasln, »rth 
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was degreased in an aqueous degreasing agent and cleaned in an aqueous solution of 10%H 2 SO 4 at room tempera- 
ture for 10 seconds and then washed in water. After that, the box 1 was subjected to the pretreatment conducted in the 
bath of (manganese colloid-sodium pyrophosphate) of 0.5 g/l at the room temperature for 20 seconds. Then, the box 1 
was treated in the bath of manganese phosphate chemical formation of (8g/1Mn 2 +-0.3g/1Ni 2+ -0.2g/1Fe 2+ - 

5 29.5g/1PO 4 3 "-5.4g/1NO 3 "-0.8g/1F ) at 85°C for 13 minutes. Due to the above treatment, a manganese phosphate 
chemical formation coating layer was formed. There was provided a solid lubricant, the principal components of which 
were powder of tungsten disulfide, the average particle diameter of which was 3.0 urn, and polyamide resin, the average 
molecular weight of which was 20000, wherein the composition ratio was 8.0 (weight ratio). This solid lubricant was 
coated on the box 1 and then it was subjected to heating and baking treatment at 250°C for 30 minutes, so that a solid 

70 lubricant coating layer was formed. That is, by the treatment of the present invention, a three layer type coating layer 
composed of the nitriding layer of 10 urn thickness, the manganese phosphate chemical formation coating layer of 12 
urn thickness and the solid lubricant coating layer of 18.5 thickness was formed in the thread portion 3 and the 
metallic sealing portion 4 of the box 1 to be evaluated. 

While the sealing portion 4 was given a surface pressure of 6000 kg/cm 2 , the joint portion was repeatedly made up 

is and broken out for the test. Until the eighteenth test was completed, galling and seizing seldom occurred on the joint. 
However, at the twentieth test, considerable galling and seizing occurred. 

COMPARATIVE EXAMPLE 17 

20 Concerning the box 1 , the inner diameter of which was 7 inches, made of steel corresponding to T - 90, the nitriding 
layer of 1 0 ^m thickness and the manganese phosphate chemical formation coating layer of 1 2 nm thickness were pro- 
vided in the thread portion 3 and the metallic sealing portion 4 of the box portion 1 by the same method as that of Exam- 
ple 18. There was provided a solid lubricant, the principal components of which were powder of molybdenum disulfide, 
the average particle diameter of which was 3.0 ^m, and polyamide resin, the average molecular weight of which was 

25 20000, wherein the composition ratio was 10 (weight ratio). This solid lubricant was coated on the box 1 . Then it was 
subjected to heating and baking treatment at 200°C for 30 minutes, so that a solid lubricant coating layer of 18.5 *im 
thickness was formed. The comparative example was arranged in the above manner. 

In the same manner as that of Example 18, the joint of the comparative example was repeatedly made up and bro- 
ken out for the test As a result of the test, the solid lubricant coating layer was remarkably peeled off. Therefore, the 

30 evaluation test was stopped at the ninth repetition test. 

INDUSTRIAL APPLICABILITY 

As described above, on the contact surface of the box or pin of the threaded joint of the present invention, there is 
35 provided a phosphate chemical formation coating layer, or alternatively there are provided a nitriding layer and a phos- 
phate chemical formation coating layer, and a resin coating layer is formed on this phosphate chemical formation coat- 
ing layer. When the thickness of this resin coating layer is made to be larger than the thickness or surface roughness of 
the phosphate chemical formation coating layer and, in addition, when the thickness of this resin coating is made to be 
larger than the surface roughness of the opposing sliding surface, it is not necessary to use a liquid lubricant such as 
40 compound grease which is usually coated before making up a joint of the prior art. Even when the joint of the invention 
is repeatedly fastened and unfastened, no galling occurs and the sealing property can be maintained high. According 
to the present invention, it is possible to provide high-performance threaded joint. 

Claims 

45 

1 . A threaded joint having high galling resistance comprising: a pin composed of an external thread and a metal con- 
tact portion having no thread; and a box composed of an internal thread and a metal contact portion having no 
thread, wherein a phosphate chemical formation coating layer, or a nitriding layer and a phosphate chemical forma- 
tion coating layer are provided on a contact surface of the box or the pin, a resin coating layer in which powder of 

so molybdenum disulfide or tungsten disulfide is dispersed and mixed is formed on the phosphate chemical formation 
coating layer, and the thickness of the resin layer is larger than the thickness of the phosphate chemical formation 
coating layer. 

2. A threaded joint having high galling resistance according to claim 1 , wherein the thickness of the resin coating is 
55 larger than the surface roughness of the phosphate chemical formation coating layer. 

3. A threaded joint having high galling resistance according to claim 1 or 2, wherein the surface roughness of sliding 
surfaces opposed to each other is smaller than the thickness of the resin coating layer. 
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0.2 £ (q uan,« y o. powder o, (molyhdenurn dlsuMe „ , ^ ^ £ ^ 

and the thickness of the resin coating layer Is 1 0 to 45 „m. 

» 5 ' J^JEK^r 8 r6SfetanCe aCC ° rdin9 10 ^ ^ 1 to * • — " inhfcKor is 

6 - p A S*ecn» 

tion of the joint of steel pipe, or „g a n^Z^T^lZZT^ * ^ POr ' 

is chemical formation coating layer of 5 to 30 ,.m »*^J» ^ ° 20 ^ m thlckne ss and a manganese phosphate 
denum disulfide or tungsti diwf Infa.CconSnTn on T^ 9 ' ^ ' Ubricant ****** P°wder ofXiyb- 
the composition of which s^^l^C^! W r6S ' n ' ^ resin. 

0.2 <; {quantity of (powder of molybdenum disulfide or 
tungsten disulfide)} / {quantity of (one of epoxy resin, 
furan resin and polyamideimide resin)} < 9.0 (weight ratio); 

^ tSS" 9 ^ tr6atmem ° n ^ thUS PrOVWed *> - ^ form a solid .ubricating coating ,ayer of 10 to 45 

which is 10 to 50 weight % with reSeSto a 1* £ ? P ° Wdef 01 DOth Cu and Zn - the quantity of 
wherein the composition satisfies *uW or tungsten disuse, 

0.2 s {quantity of (powder of molybdenum disulfide or 
tungsten disulfide) and quantity of (powder of one of Cu 

35 , and Zn or P 0 *^ of both Cu and Zn)}/ {quantity of (one 

of epoxy resin, furan resin and polyamideimide resin)} s 9.0 (weight ratio) 
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55 



pose a solid lubricant coating layer in a ranae ^1 n « t fn com P° nent of «* '^icant to corn- 

Method, and the solid lubricants ^oneTe^fJ T T?J! '* me3SUred by Fisher ' s Measuri "9 

2000 to 1 0000, furan resin of whi* J£ ^££Z "?* Wei9ht is in a ranae fr ™ 

of which the molecular weight is .f.^^cSoS 25^^ 150 *° MD - and P°* a "^e resin 

cX^S 7. comprising the step of 

diameter of powder of Cu and 2n l^a range from 0.5 to S Z " ^ * 8 PartiC,e 

1 iSSKS. S? 2 SdTa^a^ £ r ?" 9 8 *~ *» — • 

metal seal portion of the joint of an oH wel "See SHUST! ' S 1 t0 20 ^ on a ^ reaa Portion or a 

10 weight %; providing a i^TiSSJS o anTron nln °T COrtem 01 Which fe TOt ,ess «™ 

an iron alloy plating layer ccrtainin^^ is 0 5 to ^ or 

10% and also providing a manganese ohosohate rhl m ^ a . 1 . ' thB We ' 9nt % «* which is not ^ than 
30 Mm; and coating a solid luK^nS^^eTS ^£2°" ^ ^ thiCkness * which is 5 * 
taining one of epoxy resin furan resin a™ of molybdenum d.sulf .de or tungsten disulfide and also con- 
expression. y ' SS,n and P° | y^^.m,de res.n. the composition of which satisfies the following 
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0.2 ^ {quantity of (powder of molybdenum disulfide or 
tungsten disulfide)} / {quantity of (one of epoxy resin, 
furan resin and polyamideimide resin)} < 9.0 (weight ratio); 

5 

and conducting heat treatment to form a solid lubricant coating layer of 10 to 45 pm thickness. 

11- A method of conducting surface treatment on a joint of a steel pipe according to claim 10, further comprising the 
step of coating a solid lubricant containing powder of one of Cu and Zn or powder of both Cu and Zn, the quantity 
10 of which is 10 to 50 weight % with respect to a quantity of powder of molybdenum disulfide or tungsten disulfide. 

12. A method of conducting surface treatment on a joint of a steel pipe according to claim 10, wherein a particle diam- 
eter of powder of molybdenum disulfide or tungsten disulfide, which is an essential component of solid lubricant to 
compose a solid lubricant coating layer, is in a range from 0.45 to 10 nm when it is measured by Fisher's Measuring 

is Method, and the solid lubricant is composed of one of epoxy resin of which the molecular weight is in a range from 
2000 to 10000, furan resin of which the molecular weight is in a range from 150 to 250, and polyamideimide resin 
of which the molecular weight is in a range from 10000 to 25000. 

13. A method of conducting surface treatment on a joint of a steel pipe according to claim 1 1 , wherein a particle diam- 
20 eter of powder of molybdenum disulfide or tungsten disulfide, which is an essential component of solid lubricant to 

compose a solid lubricant coating layer, is in a range from 0.45 to 1 0 um when it is measured by Fisher's Measuring 
Method, a particle diameter of powder of one of Cu and Zn or a particle diameter of powder of both Cu and Zn is 
in a range from 0.5 to 10 ^m, and the solid lubricant is composed of one of epoxy resin of which the molecular 
weight is in a range from 2000 to 10000, furan resin of which the molecular weight is in a range from 150 to 250, 
25 and polyamideimide resin of which the molecular weight is in a range from 10000 to 25000. 
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Fig . 1 
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Fig. 10 
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Fig. 14 



e 



o 



GO 

w 

5 

CO 

oo 
w 



35 
30 
25 
20 
15 
10 



0. 



o° o o ° o ° 

O n 



O BEFORE MAKING UP 
• AFTER 10 TIMES 



0 5 10 15 20 25 30 35 

SURFACE ROUGHNESS (urn) 



42 



3NSDOCID: <EP_ 



_0786616A1 



EP 0 786 616 A1 



35 



B 



M 

8 



30 



25 



-Q 



I 20 



O 

w 



15 



10 



F i g .15 



SURFACE ROUGHNESS 
OF THE OPPOSING 
SLIDING SURFACE 




-•- 15jjm 



0 



0 2 4 6 8 10 

FREQUENCY OF MAKING UP AND BREAKING DOWN 



INSDOCID: <EP 0786616A1_I_> 



43 



EP 0 786 616 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP95/02034 



| A CLASSIFICATION OF SUBJECT MATTER 1 

Int. CI* F16L15/00, B32B15/08, B05D7/14 
| Aooordin g to international Patent Classification (IPC) or to both national classification and IPC 



lenuoon searched (classification system followed by classification symbols) 
Int. Cl6 F16L15/00, B32B15/08, B05D7/14 



D ° C ^ ffiyTShSSff' Koho n — - » = «- = *~« ioduded in the field, searched 

gS^i„ J l??«yo_Shinan Kpho Jiff I }§|§ 

1994 = 1 Q Q K 



Electronic data base consulted during the i 



i (name of data base and, where practicable, search 



terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



rl^ f 9 ~ 3 3 3 844 ' A < s u*itomo Metal Industries 
Ltd.), June 28, 1984 (28. 06. 84), ' 
Lines 4 to 10, lower left column, page 2 
(Family; none) ' H y z 

JP, 3-264692, A (Shinto Toryo K.K ) 

November 25, 1991 (25. 11. 91), ' 

Line 12, lower right column, page 2 to line 6 

upper left column, page 3 ' 

& EP, 448280, Al & AU, 7285891, Al 

& US, 5348634, A 

JPr 51-42852, A (Jonan Seisakusho K K ) 
April 12, 1976 (12. 04. 76), ' 
Lines 6 to 14, lower left column, page 1 

r^H*. 2 °' n l0Wer ^ eft Column to line V lower 
right column, lines 18 to 19, page 2 
(Family: none) * * 



Relevant to claim No. 



1-13 



1-13 



i nn F "rthcf documents are listed in the 



continuation of Box C. 



□ 



1-13 



See patent family annex. 



to be of particular relevance 
r earlier document but pttbiiabed on or after the International filing date 

" L " SS^e^SS?!.^ tkf 2r d ?" btt OD P*"** or Which b 

mean?* 01 TefeTTiB * to *» «»! disclosure, nee, exhlbitloa or other 
" O^Sry'd^ 



*T" later document published 
date and not 



at published after the international Cling dale or priority 
a «J«^ ^25? application but cited to uederstaud 

s priaaple or theory unaeriyiag the invention 



. the daiped inventioo cannot he 
ZZTZZZ^ZTa 1 m ^T 1 ** cotaadexed to involve an inventive 
tX£ P when the document is taken alone 

j ff^^'o fparticuUr relevance; the claimed inventioo cannot be 



combined with one or n 
i to a pen 



■ skilled in the art 



Date of mailing of the international search report 
December 26, 1995 (26. 12. 95) 



44 



1NSDOCID: <EP. 



_0786616A1J_> 



EP0 786 616 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP95/02034 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



JP, 63.-184290, A (Sumitomo Metal Industries, 
Ltd.), August 16, 1986 (16. 08. 86), 
Lines 5 to 15, lower left column, page 1 
(Family: none) 



Relevant to claim No. 



1-13 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



45 



JNSDOCID: <EP 078661 6A1_I_> 



J, 5 
/ 



THIS PAGE BUNK (uspto) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AV AILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



^IS RAGE BUNK 



(USPTO> 



